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WE'RE BIG IN SMALL PUMPS, TOO 


to-coast. Thus you can standardize in 
many locations and still get quick 


Yes, we’re big in small pumps, too... 
so big that we have a complete, sepa- 
rate plant* for their production. But 
the real proof of how we can meet your 


small pump needs lies in the extent of 


our small pump lines. Look how these 
three new models stretch down to cover 
many more “smal! pump” applications. 

Look at the new 1” Centrifugal which 
efficiently handles small from 
2 to 80 gpm at heads to 110 feet. It’ 


flows 


competitively priced, ¢ pact a 
trouble-free with smoother waterv 
and higher efficiencies. 

Or look at the rotary which performs 
down to 4 gpm (150 psi) at 1750 rpm 
It has one stuffing box to minimize 


CIRCLE 201 ON READER SERVICE CARD 


leakage, few moving parts to cut main- 
tenance, excellent suction lift, four- 
bearing construction, and the herring- 
bone gears that are quieter and more 
efficient than spur gears. 

For chemical and related industries, 
there is the new %” Worthite pump 
with capacities to 18 gpm and heads 
to 55 feet. It has all the corrosion-re- 
sistant advantages of larger Worthite 
tandard centrifugal pumps. 

There are, of course, special advan- 
tages in buying small pumps from 
Worthington. One is that you're get- 
ting Worthington “big pump” quality. 
Another is that the small Worthingt 
pumps are stocked and serviced coast 


pump service anywhere. (Original 
equipment manufacturers, take note!) 

For more information write Worth- 
ington Corporation, Section 20-25, 
Harrison, New Jersey. 


*Located in East Orange, N. J. Our main large- 
pump plant is in Harrison, N. J. 


WORTHINGTON 
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CHOOSING THE RIGHT MECHANICAL COUNTER . . . L D Temple 
Its suitability should be decided early in system design 


GUIDE TO HIGH-DAMPING MATERIALS . . . E E Ungar, D K Hatch 


Basic data on over 50 important materials; also sample problems 


TO FIND DEFLECTION OF SLEEVED SHAFTS . . . T V Duggan 
Practical method includes the effect of interference fits 


1-WAY OUTPUT FROM SPEED REDUCERS ... . | Siegel 


Mechanisms that continue non-reversing output when input reverses... . 
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Coatings protect graphite at ultrahigh temperatures 
New compound under test for finishes and lubricants 
Plastic elastomer challenges rubber...... 

Another ceramic for high-temperature uses 

100% pure tungsten melted and cast 


Miniature chain for low-cost drives 
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Epoxy-silver solder bonds heat-sensitive parts at low temperatures 


Organic semiconductors: more data coming 

How temperature changes nylon’s dielectric properties... ... 
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Magnetic materials tell a new story 

New standards coming for instrument calibration 
Navy’s antisub research reported lagging 
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The New Torrington Heavy Duty Roller Bearing 


Key to Long Life... 
Roller Guidance Where It Counts! 


This sturdy flange-riding retainer in Torrington Heavy Duty Roller 
Bearings insures the highest degree of roller guidance where it’s 
most effective...at the roller ends along the pitch circle. You get 
outstanding service life through minimum internal friction, high 
roller stability and efficient lubrication. 

Controlled contour rollers prevent high end-stress concentrations. 
Careful heat treatment of the channel-shaped outer race insures 
high shock resistance. The Heavy Duty Roller Bearing has proved 
successful under unusual conditions of deflection or misalignment. 
Torrington Heavy Duty Roller Bearings are giving longer life in such 
difficult applications as two-cycle engines, hydraulic pumps, oil- 
field equipment, sheaves and transmissions. For design and appli- 
cation assistance on the Heavy Duty Roller Bearing—and every basic 
type of anti-friction bearing—call your Torrington District Engineer. 


progress through precision 




























































































END-GUIDED ROLLERS —sturdy re- 
tainer guides rollers at ends—at 
rolier pitch circle, reducing stress on 
retainer, assuring effective guidance 
and minimum internal friction. 





UNIFORM LOADING—Torrington 
controlled contour rollers eliminate 
stress concentration at roller ends. 
End-stress pattern of unrelieved cy- 
lindrical rollers is shown in black 
outline. Area in gray shows uniform 
loading over entire contact length of 
Torrington rollers. 


AMPLE LUBRICANT STORAGE AREA 
is provided by the retainer design, 
which also allows unrestricted flow 
of lubricant within the bearing. 





TORRINGTON BEARINGS 





THE TORRINGTON COMPANY 


CIRCLE 2 ON READER SERVICE CARD 


South Bend 21, indiana * Torrington, Conn. 
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INTERESTING TO NOTE 


On our cover—three men 
in QOzalid’s Equipment 
Operations department are 
responsible for the new 
Transfer-A-Matic office 
copying-machine; it uses 
continuous-roll feed with 
development and _ paper 
cutoff. The men are (left 
to right): John Roberts, 
manager of the depart- 
ment; Fred Vranz, chicf 
engineer who conceived 
the system and put to 
gether the first working 
model, shown in the back- 
ground; and Carl Ackerman, project engineer who built 
the first product and is responsible for the machine’s ap- 


PRODUCT 
NGINEERING 


pearance. Design story on page 57 

One of the earlier methods of copying or art repro- 
duction was lithography—invented by Alois Senefelder 
in 1798. America’s most famous lithographers, Currier & 


Ives, imported special flat porous stones from Bavaria. The 


stones were then prepared by rubbing two of them to 
gether with a fine layer of flint dust sandwiched in be 
tween. A drawing, made by grease pencil or crayon on 
paper, was then transferred to the stone. Next, the surface 
of the stone was sponged with a solution of gum arabic 
in water to render the nonprinting portions receptive to 


ink but repellent to water. The surface was moistened, 
then rolled with ink, which adhered only to the printing 
image. 

During the mid-1800s, Nathaniel Currier and James 
Ives produced lithographs of important news and historical 
events. On Jan 13, 1840, the steamboat Lexington caught 
fire in Long Island Sound, killing 100 people. Currier and 
an artist friend, Napoleon Sarony (later to become one of 
America’s great early photographers) rushed home and 
lithographed several thousand prints of the Lexington’s 
demise. Never before had news pictures been produced 
so rapidly. The prints sold for months. 

Later, when Currier merged with Ives, German immi- 
grant girls were hired to hand-color the prints as they 
were peeled off the stones. Although prints depicting 


A Currier € Ives lithograph 


wate tO) 1) Slog & 
NTN = ae 


ELMER J TANGERMAN editor 


STANLEY J ALLING publisher 





ROBERT W CARSON managing editor 
RICHARD M KOFF assistant managing editor 


ROBERT E ABBOTT senior associate editor 


JOHN KOLB associate editor 

NICHOLAS CHIRONIS, associate editor 
FORD PARK associate editor 

ROBERT PRENTISS associate editor 
ANNESTA R GARDNER associate editor 
WILLIAM GILMAN associate editor 
FRANKLIN D YEAPLE associate editor 
JOSEPH J KELLEHER associate editor 
DOUGLAS C GREENWOOD associate editor 
CHARLES J LYNCH associate editor 


BENEDICT A LEERBURGER, JR assistant editor 
DORA K MERRIS assistant editor 

HERBERT KEE assistant editor 

FREDERICK MARICH assistant editor 

JOHN PRICE assistant editor 

FRANK HALL assistant editor 

BRUCE H FRISCH assistant editor 

ANITA CAMERIK assistant editor 


PRODUCT ENGINEERING is published wotkty by Mc 
Graw-Hill Publishing Company, Inc James H Mc. 
Graw (1860-1948), founder. US sub eeription rates for 
individuals = the field of the publication, $3 per year, 
single copies 50 cents: Canadian ee $5 
. 5 per year, payable in advan Prin 
: er. ~_~ postage paid at ‘Albany NY. 
stered at US Patent Office. © Copyri he. ‘1961 
by McGraw- ~ eB Publishing Company, Inc. All rights 
reserved, including the right to reproduce the contents 
of this s apitoation™ either fh whole or in part. 


PRODUCT ENGINEERING + APRIL 17, 1961 


Regional Editors 


FELIX GIORDANO Detroit 
SETH PAYNE Washington 
WILLIAM B WALLACE Los Angeles 


ARTHUR ERIKSON Paris 
GENE Di RAIMONDO Milan 
RAYMOND SHAH Zurich 
FRED BAER Vienna 
NICHOLAS LANDON London 


RICHARD E ROOMAN art director 
E G LOADER associate art director 
ANGELA M GIACIN assistant art director 


NORMA J VAN NESS production supervisor 
LILLIAN M WITHAM assistant supervisor 


ROBERT E BRUCKNER consulting editor 
DOUGLAS GREENWALD, mgr, economics svces 
C C KANE reader service manager 


A McGRAW-HILL PUBLICATION 


April 17, 1961 
Vol. 32, No. 16 


Executive, Editorial, Circulation 
and Advertising Offices 
330 West 42nd St., New York 36, N. Y. 
Telephone: LOngacre 4-3000 
Teletype: TWX NY 1-1636 
Cable Address: MCGRAW-HILL, NY 


: 
weet 


McGraw-Hill News Bureaus 


JOHN WILHELM director 
MARGARET RALSTON associate director 


GEORGE B BRYANT, JR Washington 
DONALD MacDONALD Detroit 
ARTHUR ZIMMERMAN Cleveland 
STEWART W RAMSEY Chicago 
BRUCE CROSS Chicago 

JENNESS KEENE San Francisco 
KEMP ANDERSON Los Angeles 
RAY BLOOMBERG Seattle 

B E BARNES Atlanta 

MARVIN REID Dallas 


JOHN SHINN London 
JOHN TUNSTALL London 
ROBERT FARRELL Paris 
CURT AGREN Stockholm 
ERNEST CONINE Moscow 
PETER FORBATH Bonn 
JIM MORRISON Bonn 
SOL SANDERS Tokyo 


UNCONDITIONAL GUARANTEE. The publisher, 
written request, ee to refund the part of the a 
scription price applying to the rem —_ 
of the subscription if editorial service is unsatisfactory 
PRODUCT ENGINEERING articles =e indexed in both 
the Applied Science and Technology Index and the 
Engineering Index. PRODUCT ENGINEERING publishes 
its own —_ annual _ inden. Copies are obtainable on 
request to th 

TMASTER. Please send form 3879 to Pumment 
Manager, PRODUCT ENGINEERING, 330 W 42nd St, 
New York 36, NY. 





current events had high sales appeal for several weeks and 
even months, familiar American scenes of skating, farming, 
hunting, railroads and landscapes scld more steadily. 

When Currier retired in 1880, new printing processes 
were already coming into being. One was invented by 
Currier’s best lithographer, Ben Day. Day realized that 
the grain of the lithographic stone could be duplicated 
by raised dots on an engraver’s plate. By placing the dots 
together Day created tones and shades. He went on to 
invent a system of screens which made it possible for 
newspapers to quickly engrave and print any kind of 
photograph or drawing. Currier and Ives graphically illus- 
trated the events of this colorful era, but it was Ben 
Day’s son who captured its spirit in writing. Clarence 
Day broke all Broadway records with his hit play, Life 
With Father. 


Plastics for Surgeons 


When an ivory shortage in 1868 prompted a billiard ball 
manufacturer to offer a $10,000 prize to anyone who could 
furnish a substitute material, the plastics industry was con- 
ceived. John W. Hyatt (a founder of General Motors 
Corp, Hyatt Bearing Div) won the award with the develop- 
ment of “celluloid.” ‘Then, 40 years later, a Belgian 
chemist, Dr. Leo H. Baekeland, developed “phenolics.” 
The plastics industry grew slowly at first, then, as more and 
more applications became known, the industry skyrocketed. 
One of the more recent applications, controlling vibration 
in structures by applying viscoelastic materials, is the sub 
ject of our Special Report, p. 44. 

According to a report by Arthur D Little Inc, plastics 
are being found increasingly useful in surgery and othe: 
medical applications. For example, there has been mod- 
erate progress in adapting plastic glues for medical pur- 


poses. Polyurethane foams have been used as adhesives, 
and applied directly to fractures and broken bones, but 
there are complications—foams in general do not provide 
the necessary strength and if not treated with care, may 
fracture. An ideal material would permit the patient to 
move his glued limb within hours and use it two to seven 
days after setting. ‘Then, eventually, new bone material 
would grow through and around the plastic film and 
finally replace it. 

Plastics are sometimes used for equipment which takes 
over the actual life-sustaining processes of the body. Plastic 
heart valves have been implanted in over 4000 people, and 
plastic arteries have become well-established surgical aids. 
A surgical mesh of woven plastic filaments can be used to 
mend or reinforce areas that will not mend naturally. In 
the operating room itself, clean vinyl film can be substi- 
tuted for surgical towels. The skin in the area to be oper 
ated on is sprayed with an adhesive and then the sterilized 
film is fitted on. The surgeon makes the incision directly 
through the film, and after the operation is over, he either 
peels off the film and glues or sutures the wound, or he can 
sew up the incision right through the film. 

—Benedict A Leerburger Jr 











SIDELIGHT 





Talk about advance planning. . . A Joint International 
Conference on Creep and Fracture has been announced 
for August 1963. The call for papers says, “Abstracts of not 
more than 250 words must be received before June 1962.” 
We calculate this allows roughly 14 months from plan to 
print. Well, isn’t it the early bird . . . 








. . . Design for Faster Spotwelding 


. Predict Product Performance 


in many applications, 


possible edge supports. 





NEXT WEEK IN PRODUCT ENGINEERING 


To cut production costs you must reduce production time. This means keeping 
your eye on several key factors while designing the assembly. 


Where does each component fit in eight handy categories? The answer is a 
strong indicator of the part’s ease of assembly and later performance. 


. How to Design with Precision Ball Screws 


As converters of rotary to linear motion, they are replacing the power screw 


. To Find Large Deflections in Disks 


Simpler equation does the work of three complicated ones, solving for all 
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Zero burnout time 

and minimum ‘“‘haloing”’ 

are combined in CDF’s new grade 614 
glass fabric epoxy laminate at no 

increase in price over conventional NEMA 
G-10 grades. Available plain or copper-clad, 
614 is a cold punch material that is also 
superior in flame retardancy, has excellent 
trichloroethylene vapor resistance and 

low moisture absorption. The grade is 


distinguished by its opacity and its tan color. 


Result: Another example of CDF 
leadership in meeting critical military and 
industrial applications while effecting 


important customer savings! 


Typical properties of 614 (1/16” thickness): 
Burnout Time, sec. 0 

Water Absorption 0.10 
Flexural strength, psi, lw 75,000 
(Copper-ciad 614 meets MIL-P-13949B, Type GF 
Plain meets NEMA G-10; approval pending for 
MIL-P-18177B, Type GEE. Also pending under 
NEMA proposed FR-4) 


a 


Sdermupirau-oudionn FIBRE CORPORATION, YVEWARK, DELAWARE * A SUBSIDIARY OF THE -Afaet# COMPANY) 
= a —_ - - Ee : ae | 
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How temperature changes 


nylon’s dielectric properties 

Dielectric “relaxation” in nylon 
nay occur even at room temperature, 
ind becomes pronounced at tempera- 
tures above 170 F° and_ frequencies 
ibove 1 ke, reports Dr A. J. Curtis of 
National Bureau of Standards; and 
the relaxation process is frequency 
dependent. 

At 120 F. the polymer shows a low- 
frequency polarization, manifested by 
high dielectric constant and a high 
loss. Above 170 F, 
maximum; and, even at room temper 
ature, at frequencies above 10 ke, a 
relaxation process is observable. In this 
case, at least, it is traceable to water 
content. Prolonged drying of the 


there is a loss 


polymer can eliminate it. 

A low-temperature effect was also 
a dipole relaxation process 
temperature 


observed 
which occurs in the 
150 F. This, it is 
believed, is related to mechanical re- 
But, savs Curtis, 
“further data will be necessary before 
an unambiguous explanation in terms 


range from 0 to 


laxation processes. 


of molecular structure is possible for 
all of these phenomena.” 


Magnetic materials 


tell a new story 
New 


properties of magnetic materials, and 


“probes” to explore the 
new types of detectors for high-energy 
particles may be possible by taking 
advantage of the effects of fast-particle 
radiation on solid materials, savs ‘T’. B. 
Day of U of Maryland. 

When such particles move through 
magnetic materials, a changing mag- 
netic field is generated which is a cluc 
to the character of both the particle 
and the field. Day describes it as a 
combined Cerenkoy-spin wave effect 
that gives rise to a “ringing” of the 
spin system under certain conditions 
of frequency and angle of observation. 

If suitable insulating 
materials can be 


magnetic 
found and the 
charged-particle background can_ be 
climinated, the effect might be used 
to design new types of detectors for 
high-energy particles and new 
“probes” for exploring the properties 
of magnetic materials. A_ technical 


6 


report has been scheduled for publica- 
tion in Physical Review. 

Note: For information on the 
Cerenkov effect itself—the lumines- 
cence produced by particles when they 
outspeed light—see PE—Nov 2 '58, 


p 10. 


Coatings protect graphite 
at ultrahigh temperature 

Titanium nitride coatings will pro- 
long the life of graphite parts at 4000 
’, Langeley Field researchers report. 
Thin, vapor-deposited coatings made 
it possible for graphite to retain its 
strength under high-oxidation condi 
tions for 60 sec or more, while un 
coated parts failed after 20 sec. 

The mechanism of _ protection, 
N. T. Wakelyn of Langley says, 1s 
similar to that of oxide protection of 
aluminum at room temperature: ‘The 
surface of the nitride reacts with the 
atmosphere to form a thin oxide coat 
ing that protects the nitride itself, and 
therefore the graphite, from further 
attack. 

Wakelyn believes it should be pos 
sible to develop similar zirconium 
nitride-zirconia 
higher temperatures, and that both 
types of coatings should be applicabk 


coatings for _ still 


to a wide range of substrates. Further 
more, he notcs, because the coatings 
can be very thin (20 mg/cm’), danger 
of failure by 


is slight. 


thermal stress cracking 


Organic semiconductors: 


more data coming 

There’s been no breakthrough, but 
the possibility of producing semicon- 
ducting materials of noncritical com- 
position and in quantity is now at- 


world-wide attention, and 
much new information is beginning to 
A good deal of Soviet re- 
search has already been _ reported 
(PE—Mar 7 ’60 p 9 and July 4 ’60, 
p 9). Now, US researchers, too, are 
unveiling their work. 

American Chemical Society mem- 
bers last month devoted a good deal of 
attention to the problem. A full-scale 
conference, sponsored by McGraw- 


Hill’s Armour Re- 


tracting 


appear. 


Electronics and 


search Foundation, will be held later 
this month. 

Developing organic semiconductors 
is no easy job. As Jan Kommandeur 
of Union Carbide points out, many 
organic substances can be made elec 
tronically conductive  (Princeton’s 
Plastics Lab, for instance, has _pre- 
pared nearly half a hundred semi 
conduting polymers). But this con 
ductivity is different from that in in- 
organic materials. ‘The charges are 
“sluggish.” ‘They will move only very 
slowly under the application of a field. 

This, Kommandeur believes, pre 
cludes certain applications that are 
well handled by the 
inorganic semiconductors. 
ness of the organics may make them 
difficult or impossible for high-speed 


conventional, 
Sluggish 


switching and in some types of diodes 
On the other hand, 
the organics may prove valuable for 


and oscillators. 


such functions as energy storage where 
high-speed electrons are not involved. 

Work is still in its early stages, but 
at least a dozen companies are active 
in the field, and 
should not be too far off. 


commercialization 


New system measures 
relative humidity 

An instrument that can detect dif 
ferences of as little as 0.002% in rela 
tive humidity has been developed by 
Agricultural Research Service to study 
relationships between soil moisture 
and plant growth. 

As described by USDA, the instru 
ment consists of a sct of brass tubes, 
each containing a sample of soil. ‘The 
tubes are suspended in a water bath 
held at a constant temperature of 77 
F and a thermocouple, with wires at 
tached, inserted in each. 

A drop of water is placed on th« 
thermocouple wire, and the unit is 
sealed. As the water evaporates, it 
brings the air inside the tube to 100% 
relative humidity. At the same time, 
the temperature of the remaining wa 
ter drops, cooling the thermocouple 
and changing its electrical output. 

In the test setup, 20 tubes are 
used, and a switching circuit makes 
it possible to take readings on any one 


of them. —ARG 
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Your prwodude... 


SPECIFY Te<eJ CYLINDERS ...FOR YOUR POWER DRIVE 
DESIGN * APPLICATION OR REPLACEMENT MAINTENANCE 


From its blueprint stage to its 
maintenance engineering re- 
quirement sheet, your product 
will assure MORE power drive 
precision and service, if T-J 
cylinders are specified. T-J’s 
complete line too, from the 


T-J 
OFFERS | 
THE ONLY = 
COMPLETE STANDARD STANDARD 
CYLINDER HYDRAULIC = PNEUMATIC 


AIR and HYDRAULIC 
SPACEMAKER 


Spacemaker to the new re- 
Placeable Squair Head, can 
be the answer to any power 
problem. Write or call The 
Tomkins-Johnson Company, 
2425 W. Michigan Ave., Jackson, 
Michigan, today! 


sg 


AIR and HYDRAULIC HIGH PRESSURE 
SQUAIR HEAD SPACEMAKER 


PLUS complete catalog service 


LINE 
gushes samara ne 


RIVITORS... AIR AND HYDRAULIC CYLINDERS... CUTTERS. CLINCHORS areas, including 
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New compound under test for finishes and lubricants 


An old, familiar chemical is coming out soon in a new form that promises a host of 
new lubricants, adhesives, finishes and coatings. The chemical is colloidal alumina, 
now being produced by DuPont in a fine-particle, fibrous form. This, the company 
says, makes it especially suitable for use as a thickener, leveling agent, and filler: 

Films and adhesives formed with the new material bond readily with aluminum; 
and coatings only ! mil thick are said to provide dyeable coatings even on alloys that 
normally are hard to dye. Such coatings may also serve as high-temperature (1000 F) 
lubricants; and, in combination with graphite layers, could be used to provide lubricated 
surfaces of controlled electrical conductivity. 

One property of the “Baymal” alumina fibrils that is expected to be especially useful 
is their being positively rather than negatively charged. This means an adhesive layer 
between two negative materials can help hold them together electrically as well 
as mechanically. Other applications: in ceramics (as a foam stabilizer), glass fiber 
laminates (as a bonding agent); textiles and plastics (as a bonding agent, antistatic 
agent, and filler). 


New paint dissipates the rust 


Paints that can be applied as base coats, directly on steel, even if the metal is dirty 
and rusty, are claimed by National Research Development Corp of England. Key to 
their success is that they take advantage of the rust itself. They're organic composi- 
tions (plasticized polystyrene is recommended) that use iron or steel powders as pig- 
ments. When applied to rusty surfaces, a chemical or electrochemical reaction between 
the rust and the metal powder converts the rust to magnetite; and, in effect, swallows 
it up. One possible disadvantage: an electrical contact may be established between 
paint and base metal. But, says NRDC, this can be an advantage, too, in some 
applications. 

A typical composition will contain about 95% by weight of iron powder and 5% 
of the plasticized polystyrene, dissolved in xylene. Where a coating of higher 
hardness is desired, epoxy resins may be added. 

Information on the paints, and on formulations suitable for use as undercoats 
may be obtained from NRDC’s US office: Suite 503, Mercury Building, 1925 K St. 
NW, Washington 6, DC. 


Miniature chain for low-cost drives 


Tiny chains and sprockets in shaft sizes from $ in. to % in., (see illustration) are 
being molded of acetal plastic by Bohannon Industries, Colorado Springs. In the 
chain, “unit-link” design eliminates need for master link and makes length adjustable 
in 4-in. increments just by snapping links together. The chain runs on either side, 
weighs about 4 as much as steel, is prelubricated and resistant to chemicals, stands 
temperatures to 250 F, will operate running loads up to 2-lb tension. Sustained static 
tension is not recommended, however. Prices, in quantity, will be less than $2 a 
foot for the chain, about 30¢ for an 8-tooth sprocket; 50¢ for one with 32 teeth. 
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Flexible sleeving for electrical insulation promises high performance, low cost 
Vinyl-coated glass fiber sheathing, claimed able to stand 395 F for periods at least 
to 20 hr, and to be flexible at —50 F, is being introduced by Borden Chemical (North 
Andover, Mass, and Compton, Calif). It will be offered in three dielectric grades— 
2500, 4000 and 8000 volts/mil—and is said to have outstanding flex, abrasion and cut 
resistance. Prices, says Borden, will be comparable to cotton-base sheathing. Initial 
production will be in black and yellow, with other colors on special orders; and 
will be available in Grades BA], BBl, BCl, and BC2, all to exceed NEMA 
specifications. 


New standards are coming for instrument calibration 
Standard glass samples for measuring physical properties will soon be available from 
National Bureau of Standards. First to be introduced will be soda-lime-silica glass 
samples for calibrating instruments that measure viscosity, surface tension, and other 
properties at room and elevated temperature. Next will come a leaded optical glass. 
A third multicomponent glass (specific type not yet selected) will follow these. Then, 
NBS plans to start work on high-purity simple glasses. 

Also coming up are thermal-conductivity calibration samples for semiconductors, 
usable in the range 200 to 1800 F. NBS has developed testing equipment and 
apparatus, is now collecting needed data. It will be at least a year, though, before 
the samples are ready for distribution. 


Plastic elastomer challenges rubber 
In wear resistance, cut resistance, rebound, hysteresis characteristics, and resistance to 
thermal aging, new ethylene-propylene copolymers are showing properties comparable, 
and in some respects superior, to natural and SBR (GRS) general-purpose synthetic 
rubber. 

First introduced by Montecatini of Italy, the materials are now under investigation 
by half a dozen US companies and are being eyed as serious competition by natural- 
rubber producers. 

In a report to the Natural Rubber Development Board, Prof G. Gee of England 
indicated that, of all the synthetic materials, not excluding “synthetic natural” rubber, 
these copoylymers were likely to give tree rubber its greatest challenge. The reason: 
the copolymers appear to offer greater cut resistance and reduced heat buildup, with- 
out sacrificing other desirable properties, and potentially, they’re low in cost. However, 
he noted vulcanization presents problems, and much still remains to be learned about 
formulation and fabrication. 


Better gas bearings with standard components 

Gas bearing performance can be improved, and cost can be reduced, United Kingdom 
Atomic Energy Authority reports, by reducing the porosity of the bearing sleeve. 
Any one of several coating systems may be used; among them, shellac and vacuum- 
deposited metals. With such coatings, says A. G. Montgomery of UKAEA, standard 
porous sleeves of the type used in oil bearings can be applied to gas systems without 
causing undue shaft vibration. British Patent 846,742 describes the coating systems. 
(Note: for more on gas bearings, see last week’s Propuct ENGINEERING, p 56). 


New ceramic for high-temperature uses 
Here’s a lithium aluminum silicate refractory with excellent resistance to heat shock, 
low thermal expansion, and good stability at high temperatures—in oxygen and 
hydrogen atmospheres as well as in air. It’s being readied for introduction by 
Electric Autolite. The company says the material has demonstrated its ability to 
stand rapid cycling to 1900 F, followed by immersion in cold water, and has been 
tested in heat-treating and welding fixtures, molding crucibles, and similar applications. 
Mechanical strength is labeled “fair.” 
Data on other thermal and mechanical properties is now being assembled, and 
will shortly be available. —ARG 
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BEARING 


Ne 


One in a series of technical reports by Bower 


So 


- 





ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 





These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 
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roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 


Under actual operating conditions, 
Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 


x*wnre 


Bower engineers are always available, 
should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 





B OWE be ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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FREE THIS VALUABLE BOOKLET 








You can use Boosters to 
particular advantage in: 


Pressing Stamping 
Shearing Marking 
Punching Crimping 
Welding Blanking 
Riveting Clamping 
Crimping Bending 
Embossing Molding 
Feeding Testing 
Laminating And similar 
Compressing applications 


For prompt personal service, cal/ our 
Engineering Dept. at Porter 6-3400 
Bensenville, l/l. Call ‘‘collect,’’ person 
to person (at our expense). 





Set 


more proc 
i 


Fluid Power! 





SuLLETIN 
B-200P 


Covent 1099 
Fitch Reeds COP 





Exactly how do Boosters save space, weight, air, cut costs, 
increase efficiency, reduce maintenance? How do they pro- 
vide smooth hydraulic power (up to 10,000 psi or more) from 
your shop air and maintain pressure without heat generation 
or additional power consumption? Exactly how and where are 
they now being used? The whole absorbing story is told in 
color—along with full information on available models, dimen- 
sional data, pricing, etc.—in this new interesting booklet 
specially prepared for busy, time-short designers, engineers, 
and production men. Write today for your free copy. 


MILLER FLUID POWER 


DIVISION OF FLICK-REEDY CORPORATION 
7NO18 York Road, Bensenville, Illinois 


AIR AND HYDRAULIC CYLINDERS » ACCUMULATORS 
COUNTERBALANCE CYLINDERS - BOCSTERS 


Navy’s antisub research reported lagging 


A highly classified research ship will start operations soon for the Navy. The 
Mission Capistrano, a T-2 tanker from World War II, has been altered to conduct 
underwater sound research. 

Right now, the vessel is undergoing tests of its equipment in the Gulf of Mexico. 
Eventually, it will operate in the Atlantic Ocean. 

Navy won’t discuss the ship, but unconfirmed reports are that the vessel will 
instal fixed structures to the ocean floor for sonic experiments. Presumably, the 
ship is a part of Navy’s antisub-warfare program to find better ways of detecting 
enemy submarines. 

Navy may create a “czar” to handle all antisub-warfare research and development. 
The final decision has not yet been made, but there is a strong push for the 
measure. Backers of the plan claim that Navy’s program has not produced 
effective means of detecting and destroying enemy submarines. 

A splintering of effort in this field is cited as a prime reason for the failure to 
develop better antisub capabilities. Navy now spends a total of from $80 to $100 
million annually on research and development for antisub warfare. But even 
this money is spread among several Navy offices. 

The new plan is to put all antisub research under one office. Some Navy brass, 
too, want spending increased three to four times the current level. 

Present thinking is that the new office would act in a top-level advisory capacity. 
Actual conduct and administration of the research programs would be left to such 
Navy offices as the Office of Naval Research. 


Research finds surprising ductility in beryllium 


\ major advance in the production of high-purity beryllium has been made. Under 
contract for the Navy, Franklin Institute Laboratories of Philadelphia has found 
that beryllium is not inherently brittle, but impurities remaining in the metal 
after processing make it so. 

The Institute is now working to find and remove the embrittling elements. 
Single crystals of beryllium already have been produced that are 50 times more 
ductile than any produced before. 

Research on the metal is still in the early laboratory stage, Navy emphasizes. 
But it promises to be a major advance in metallurgy. For example, beryllium is 
some 34% lighter than aluminum and 77% lighter than stainless steel; its elasticity 
is eight times that of magnesium, four times aluminum, three times titanium, and 
about two times that of steel. 

The high melting point of beryllium—2340 F—should permit designs to service 
temperatures to 1100 F, the Navy says. 


Parallel glass fibers increase strength of rocket chambers 


Fiberglass rocket-motor chambers reinforced with nonwoven glass fibers may soon 
become standard equipment for space vehicles. That is what engineers at the 
Naval Ordnance Laboratory are predicting. Reason is, this type of construction 
is estimated to be 75% cheaper and three times lighter than metal chambers 
now in use. 

A new test device known as the “NOL Hydraulic Ring Tensile Tester” has 
been developed to provide quality-control data needed to prepare specifications 
for making the reinforced plastic material. 

Plastics reinforced with parallel glass fibers allow engineers to control the 
directional strength of a structural item to a degree not possible with woven fabric 
or random-mat fiberglass. Also, the parallel glass fibers can be packed to occupy 
over 90% of the volume in a reinforced plastic, which accounts for its high strength. 
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LOOKING FOR HIGHER 
EFFICIENCY AND 
LONGER LIFE IN 

RIGHT ANGLE DRIVES? 
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Then take a closer look at Philadelphia Spiral Bevel 
Reducers. They'll give you an efficiency 
advantage of 5 to 50% over other types of 
right angle drives . . . depending upon ratios. 
HIGH EFFICIENCY. With efficiencies of 95 to 
98%, spiral bevel reducers will lower your power 
costs . . . reduce the cost of prime movers. 
HEAVY DUTY. The bearings and shafting in Phila- 
delphia Spiral Bevel Reducers are designed for 185% 
overload. Spiral Bevel Gears and Pinions are hard- 
ened after they are cut, then lapped to a mirror finish. 
Helical gearing in multiple reduction units is precision 
hobbed and shaved from through-hardened alloy steel. 
Result: greater load carrying capacity, longer life. 
COOLER RUNNING. Compared to other types of 
right angle drives, Philadelphia Spiral Bevel Reducers 
run cooler. Separate cooling systems are not needed 
for most applications. 
COMPLETE LINE. Philadelphia Gear offers the 
most comprehensive line of Spiral Bevel Reducers 
available — or we can build specially engineered 
units to meet any special requirement. Ratios from 
1:1 to 238:1. Single, double or triple 
reductions in either vertical or horizon- 
tal types. Catalog SB-60 gives full selec- 
tion data. Write on your company 


or letterhead for your copy. 


philadelphia 


gear drives 


PHILADELPHIA GEAR CORPORATION 
King of Prussia (Suburban Philadelphia), Pennsylvania 
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DAYTON POLY-V Drives 
pack more power 


in smaller spaces 


Offer engineers greater 
versatility in drive design 


Dayton Poly-V Drives are single units. They run in 
sheaves designed to mate perfectly with belt ribs. This 
provides twice the tractive surface per inch of sheave 


width ... up to 50% more power in 24 the space. Result 
—a more compact, lighter drive... less shaft overhang. 


Greater 
horsepower 
capacity 


Full contact design gives belt 
ribs greater gripping action 
in sheave grooves. Belt tension is transferred equally 
and in all directions through the belt ribs to the sheave 
groove walls (hydrostatic principle). 


Uniform 
Speed 
ratios 

Full contact design distributes the load equally over 
the entire contour of the V-ribs. Peak loads cannot 
cause the Poly-V belt to ride lower in the sheave 


grooves. Pitch diameters and speed ratios remain con- 
stant from no load to full load condition. 


Vibration 





free 


Full contact design guarantees smooth, vibration-free 
operation. Full molded surface has complete contact 
with the sheaves. Poly-V belts have uniform belt thick- 
ness—no slipping... no creeping. 


eeeeeeeeeeeeeeeeeeeeeeeee 


Greater 
flexibility 


Reduced belt thickness means smaller sheave diam- 
eters (as small as 34” with “‘J’”’ belts)—less centrifugal 
force. This permits operations at higher belt speeds (up 
to 10,000 FPM for Poly-V ‘‘J’’)—ideal for high speed 
motors. 


Simplified drive design 


Only 3 Poly-V cross sections are required: 
“‘J’’—from fractional to 10 HP 
“L’’—for intermediate drives (5 to 50 HP) 
““M”’—for high HP drives (25 HP and up) 


See your Dayton engineer 


Let Dayton’s Engineering Service help you with your 
drive design. Call or write: 


@Registered trademark of R/M Inc. Manufactured by Dayco Corp. under exclusive license of Raybestos-Manhattan, Inc. 





INDUSTRIAL DEPARTMENT 


Dayton Industrial Products Co. 


OD.C. 1961, 2001 Janice Ave., Melrose Park, Iil. 
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Division of Dayco Corporation 
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DRIVER CONTROL 


LAYOUT AND BLOCK DIAGRAM of proposed ac transmission for US Army M-34 truck, 


Static Frequency-changer Key to High-power Wheel Motor 


Derroir—A_ 3-way collaboration has 
developed a new US Army truck. It 
is the result of work done jointly by 
Jack & Heintz and Reo Div of White 
Motors Co for the US Army Ordnance 
Tank-Automotive Command. The 
truck, result of a $3-million develop 
ment program, is based on an existing 
vehicle, the 6 x 6 Model M-34 with 
its 145-hp, 6-cyl gasoline engine. But 
in the new vehicle this engine will 
drive a high-frequency unregulated al 
ternator which, in turn, feeds energy 
through static frequency-changers to 
induction-tvpe, squirrelcage traction 
motors at each of the six driving 
wheels. 

Development work for the new unit 
was commissioned to eliminate disad- 
vantages found with wheel-mounted 
motors on present off-the-road vehicles 

-limited speed range and failure to 
give total power throughout the speed 
range. Besides achieving these goals, 
the developers claim other significant 
advantages for the system: 


e Weight reduction—The proposed 
truck weighs 1800 Ib less than a pro- 
duction M-34. This would appear to 
be true if a smaller engine is used and 
frame construction changed. 


e Simplified maintenance—Conven- 
tional axles, transmissions, transfer 
cases, differentials, driveshafts and the 
necessity for hydraulic power steering 
are eliminated in the new design. The 
electrical components replacing these 
are packaged around OTAC’s modu- 


PRODUCT ENGINEERING - APRIL 17, 1961 


lar concept which permits component 
replacement by relatively untrained 
field personnel. The solid rotor alter- 
nator and the squirrelcage induction 
motors eliminate maintenance of com- 
mutators, brushes and slip rings. 

e Operating economy—Since the en- 
gine is not tied directly to the drive 
train, it can always be operated on a 
minimum fuel-consumption profile. 

e Design flexibility — Although a 
conventional reciprocating engine is 
the prime energy source now, it could 
easily be replaced by any new prod 
uct such as a multifuel engine, a tur- 
bine, a fuel cell, or conceivably in the 
distant future, a compact nuclear 
power plant. A turbine would elim- 
inate need for the present gear step 
to the alternator. 

e Ground clearance—As installed on 
the otherwise unaltered M-34, ground 
clearance is improved by 5 in. On an 
all-new design, over-all height could 
be reduced accordingly. 

@ Power source—When not perform 
ing its function as a vehicle, this unit 
can be used as a stationary power 
source. Any ac combination ranging 
from 110v/60c to 220v/400c is avail- 
able, plus a simultaneous supply of 
Military applications and 
savings in this area are broad. 


28v de. 


@ Fail-safe—Thanks to electrical iso- 
lation, damage to the drive at one 
wheel will not affect power supply 
to the other wheels. The vehicle can 
be driven with one to five drive units 


out of commission, assuming the fail- 
ure does not cause a wheel to lock. 


e Application—The fundamentals of 
this power system can be applied to 
any wheeled or tracked vehicle. 


The static frequency-changer con 
tains silicon-controlled rectifiers and 
changes the 3-phase variable frequency 
of the alternator to a single-phase con- 
stant frequency. Alternator output 
varies directly with engine speed and 
may range as high as 10,000 cps. The 
changer converts this to 6 to 400 cps 
for the wheel motors. A driver-con- 
trolled “accelerator pedal” sets electric 
motor speed by varying the output 
frequency of the changer. 

Vehicle braking is achieved by low 
ering the frequency of the motor in 
relation to its rpm. Under these con 
ditions, the motors act as alternators 
and cause the main alternator to drive 
the engine. 

The motors at each wheel feed 
through a 2-speed planetary gearbox 
equipped with an electromechanical 
clutch. This, coupled to the necessary 
wheel drive and the static frequency 
changer, weighs less than 60 Ib. 

A spokesman for Jack & Heintz 
states that all components of the new 
truck have been assembled and bench 
tested. The company is currently ne 
gotiating with OTAC for a contract 
to construct prototypes, and says it 
could have one operating within 12 
months. It has also aroused “con 
siderable interest’’ by makers of truck 
and off-the-road equipment. 

—Del Yannatta, Detroit News Bureau 
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POWER ASSIST—French idea for semitrailer wheels. 


Torque Amplifier and Power Assist 
Win Agricultural Awards 


Paris—A transistorized electric fence 
control and an automatic shutoff for 
milking machine were two 
items that turned up along with two 
dozen heavy machines on the list of 
equipment singled out for technical 
honors by a committee of experts at 
this year’s International Agricultural 
Machinery Show. Among the more 


bowls 


interesting mechanical items 

@ New Holland Machine Co’s bale 
thrower, the only American machine 
to win a “Machine Selectionnee” 
award. Wide rubber belts pick up 
bales as they leave the baling chan- 
nel, and flip them as high as 13 ft 
and out as far as 23 ft into a waiting 
trailer. The trajectory is varied by 
changing the speed of the small gas 


CULTIVATOR-TRANSPLANTER will 
move at speeds to 2% mph. Disks at 
top feed plants down through tube to 
the two-pronged forks which insert 
plants in the ground. 


16 


POTATO DIGGER by Kuhn Freres is mounted cutter-bar 


fashion on a tractor. The share, with attached potato-clean- 


a caster wheel. 


engine that drives the belts at up to 
33 fps. 

e French tractor manufacturer Som- 
eca (Div of Simca) designed a torque 
amplifier that steps up torque input 
to the gearbox from 145 to 217 ft-lb. 
his gives more power to the traction 
wheels, is done without stopping for- 
ward motion. Originality of design is 
in having reduction gearing operate 
through the power takeoff shaft. In 
normal operation, the 1600-rpm en- 
gine output is fed to a double clutch 
with both disks engaged. Full engine 
power feeds straight through to the 
input shaft, with reduction gear free- 
wheeling on the shaft. Disengaging 
the clutch slows down the straight- 
through shaft; an overrunning clutch 
locks the gear connected to the power 
takeoff gear which now drives the 
power input shaft at 1050 rpm. 
Torque amplifier can be cut out by 
disengaging the pinion on the power 
takeoff shaft by a dog clutch. 

e Another award winner was for a 
power assist to the wheels of large 
trailers. The simple, effective system 
was designed by Ets. Francois Biba. 
Two friction rollers driven through a 
gearbox and differential are linked to 
the power takeoff shaft of the tractor. 
When the rig bogs down, the fric- 
tion roller drive is engaged and the 
rollers forced against the trailer’s tires 
by hydraulic jacks. About 10,000 Ib 
of tractive force can be transmitted 
to the semitrailer wheels. 

e Also honored was a self-propelled 
cultivator-transplanter by Ets. Rus- 


ing screen, is oscillated by an eccentric driven by the 
mower’s wheel crank through a belt. Depth is regulated by 


solia of Nice. The unit employs a 
complex arrangement of connecting 
rods and ratchets driven off a crank- 
shaft powered by a small gas engine 
to obtain an automatic planting cycle. 
The machine advances in jerks, 
first spraying a charge of fertilizer and 
then spading with three blades as it 
moves along. The wheel-driving ratch- 
ets lock to stop the machine for the 
plant-insertion phase of the cycle, 
which ends by squirting a half-cup 
of water on each plant. The machine 
then moves ahead to start a new cycle 
as the ratchets release the wheels. 
Plants are inserted by two special 
forks fed from the plant-distributing 
spools on the top of the machine. 
—Arthur Erikson, Regional Editor 


Competitive Markets Are 
Conference Theme 


New Yorx—‘Designing for Today's 
Competitive Market” is the theme of 
the Design Engineering Conference 
and Show, scheduled for Detroit's 
Cobo Hall, May 22 to 25. There will 
be 11 conference sessions presenting 
22 engineering papers, an opening-day 
panel, and over 400 exhibitors to keep 
engineers and executives abreast of the 
original equipment market. 

Some 15,000 components—from 
microminiature lamps, circuits, and 
screws to enormous beam sections, 
internal combustion engines—will be 
displayed. Many represent the most 
advanced engineering coming from 
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the nation’s leading research, develop- 
ment and engineering laboratories. 
More than 100 companies will be 
showing new types of materials, says 
a spokesman for Clapp & Poliak, 
show producers. Also represented will 
be mechanical components, electrical 
and electronic parts, fasteners, finishes 
and various kinds of engineering ac- 
cessory equipment. 

The Machine Design Division of 
the ASME will conduct a four-day 
conference, to run concurrently with 
the show, on a variety of engineering 
subjects. Plastics, steels, lubricants, 
material and production control are a 
few of the papers planned. 

An opening-day panel of top-flight 
automotive executives will discuss 
their department roles in designing 
a superior product to meet the con 
tinuing competition from home and 
abroad. They will highlight the inter- 
play among production, purchasing, 
engineering and sales by prepared dis- 
cussion and answers to questions from 
the audience. Ld 


Segmented Shaft Lines 
Aid Potash Mining 


EsTERHAZY, SASKATCHEWAN—A 350-ft 
cast-iron shaft liner has overcome one 
of the main obstacles to opening 
Canada’s vast potash reserves to world 
markets. The liner, reports the mine- 
owners, International Minerals and 
Chemical Corp, seals out unwanted 
fluids from a troublesome geological 
fault found between the 1240 and 
1439-ft levels of the mine shaft. 

The fault, called a “Blairmore 
stratum,” carries oil in some areas, 
coal in other areas, and may contain 
water under extremely high pressure. 
Here, it is composed of water-bearing 
sand and clay layers. 

The 3000-ton liner was positioned 
in a series of 5-ft-deep rings, each 
made up of 11 segments. The indi- 
vidual segments measure 5 ft square 
and weigh 4 tons. A total of 76 were 
used, extending from the 1130-ft level 
to 1488 ft. 

Before excavation could begin, the 
entire Blairmore stratum had to be 
congealed over a 50-ft area around the 
center of the shaft. This was done by 
sinking 58 freeze pipes, each 250 ft 
long, into the stratum in a circular 
pattern and running lithium chloride 
brine through them. Freezing took 
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almost a year. Penetration of the 
stratum with pavement-breakers began 
last fall. 

This “freezing and tubbing” tech- 
nique is new to this continent, but has 
solved similar problems in Europe. 

To avoid possible water seepage at 
either end of the tubular lining, spe- 
cial sealing rings are used. The final 
seal between ring and shaft wall is 
accomplished by wedges of specially 


Thermoelectricity: Out of the Lab, Onto the Production Line 
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imported Nicaraguan pitchpine of 
various sizes and shapes. These are 
driven into the void until a sharp steel 
spike can not be forced into the mass 
About 15,000 such wedges are used 
in each of the three 55-ft sealing 
circles. 

The potash beds are located at 3150 
ft and limestone formations in the 
last 1600 ft are expected to present 


no unusual problems. * 
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The water cooler at left is the first home appliance by Westinghouse based on 
the thermoelectric principle. Its cooling components take up about 25% less 
volume than the conventional unit, at right. In the cooling portions of the 
thermoelectric version, electricity passes through junctions of dissimilar mate- 
rials to remove heat. The only moving part is the fan at bottom which is needed 
to dissipate heat from the cooling elements. The conventional system operates 
with a “network” heat-exchanger system and motor-driven compressor. 


CIRCLE 18 ON READER SERVICE CARD —>- 





REPUBLIC 
PH STAINLESS 
STEELS 


REPUBLIC A-286 


In addition to excellent corrosion resistance, 


this precipitation hardenable grade is 
designed to afford elevated temperature 
creep and stress rupture strength to over 
1200°F. Because it is used on critical appli- 
cations, majority of tonnage produced is 
processed from ingots that have been 
vacuum melted by Republic's consumable 
electrode process. Typical applications: 
jet engine and gas turbine components 
such as wheels, blades, frames, housings, 
afterburners, tail cone parts, and fasteners. 








ge 17-7 PH* and PH 15-7 Mo* 


These steels possess the cold formability of austenitic 
stainless grades . . . the hardenability of martensitic 
grades. High strength levels and good creep re- 
sistance are maintained at temperatures to over 
700°F. and 900°F. respectively. Typical applica- 
tions: aircraft and advanced missile structural parts, 
bellows, hose clamps, leaf springs and spring clips, 
pressure tanks, surgical instruments, antennae. 


REPUBLIC 17-4 PH* 


Simple heat treatment after fabrication develops 
high strength levels without excessive distortion or 
scaling. Unlike most martensitic chromium types, 
Republic 17-4 PH* is welded without preheating or 
post annealing, thus resulting in lower fabricating 
costs. Typical applications: bearings, bolts, shafts, 
aircraft fittings, gears, splines, mandrels, pins, seats, 
and valves. 


ww 


BECAUSE THEY OFFER GREATER 
VERSATILITY, precipitation harden- 
able stainless steels broaden the already 
wide field of stainless steel applicability. 


Better properties at elevated tempera- 


tures are coupled with the formability 


and corrosion resistance of other stain- 
less grades. Republic PH Stainless Steels 
are available in the standard mill prod- 


ucts. Mail coupon for data. 


CD 


REPUBLIC STEEL 


Cleveland 1, Ohio 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 
REPUBLIC STEEL CORPORATION 


DEPT. PE-2043 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Strong, Modern, Dependable Please send more information on: 

O) Republic 17-7 PH and PH 15-7 Mo 

0 Republic 17-4 PH C) Republic A-286 


*Licensed under Pat. Nos. 2482096, 2505763 and Trade Mark of Licensor Name Title 





Firm 





Address___ SE 
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100% Pure Tungsten Is Melted and Cast 


Atbany, Ore—Several years’ research 
on the melting of 50% alloys of tung- 
sten and several months’ research on 
98% pure tungsten have led to the 
first successful melting and casting 
of pure tungsten. Using a centrit- 
ugal casting process, Oregon Metalluri- 
cal Corp is producing hollow rings up 
to 10 in. OD, and weighing up to 
220 bb. 

According to Stephen M. Shelton, 
president of Oremet, a cold copper 
skull-melting vacuum-arce furnace sup- 
plies the heat. The copper crucible 
is watercooled; the melt is completed 
in 5 min., after which the pour must 
be made within 4 sec. One of the 
largest banks of power rectifiers in the 
Northwest supplies the necessary 40,- 
000 amps at about 40 v de. 

Besides the substantial economies 
resulting from casting instead of mak- 
ing shapes by machining forged in- 
gots, Shelton said, the pure-metal 
centrifugal casting produces a finer 
grain product than can be obtained 
with arc-cast ingots. Ordinary sinter- 
ing does not thoroughly melt the 
metal, but forms a mass. 

—Paul Hansen, Portland News Bureau 


Alloy Clue Pinpoints 
Car Trouble 12,000 Mi Away 


Lonpon—A new method of tempera- 
ture measurement, which relies on the 
changes in hardness of certain alloys 
when heated and cooled, is being used 
to measure operating temperatures of 
internal combustion engines. Origi- 
nated by Shell Research Ltd, at Thorn- 
ton, Cheshire, the technique is known 
as the “Hardness Relaxation” method 
and has solved the problem of measur- 
ing temperatures of pistons and valves 
while the engine is running, enabling 
hot spots to be pinpointed. 

Technique depends on the long- 
known fact that when some alloys are 
heated and cooled, their original hard- 
ness is changed—the extent of change 
depending on maximum temperature 
attained. 

Temperature range of the method 
is about 100 to 1000 C, with an accu- 
racy of plus or minus 3 deg C at 
optimum conditions—the middle of 
the useful range of the material. 

One application of the technique 
solved the problem of a car owner in 
the Australian bush. His car would 


Pa 


THREE MACHINED CASTINGS of 100% tungsten (foreground) are samples 
of finished products obtained from hollow rings of pure metal cast for first time 
by Oremet. The larger casting, of molybdenum, was centrifugally cast, but not 
machined. Oremet is also doing research on tantalum, hafnium, columbium, 


vanadium. 


go for a few miles, then stop. Shell 
Research, 12,000 miles awav, felt that 
overheating spark plugs were the 
cause. A set of special plugs with alloy 
inserts were sent to Australia and were 
tun in the car (on examination at 


Another Way to Cut Tire Cost 


' . * 


Thornton it was found that tempera 
tures around 1000 C 
reached). Solution: car timing was ad 
justed to make the engine run cooler, 


were being 


thus curing the trouble. 


Nick Landon, Regional Editor 





This three-wheel delivery truck powered by a 2-cyl Kohler K-662 aircooled 
engine has a top speed of 50 mph. Transmission is provided manually by a 
Borg-Warner T-96 unit. A right-angle driveline supplies power to the single 
rear wheel. Front suspension includes Firestone adjustable air springs. The 
vehicle is 133 in. long, 64 in. wide, weighs 1500 lb. It will be manufactured by 
the Roustabout Truck Manufacturing Co’s plant in Nile, Ohio. 
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Dp DYNA-DAMP 


built-in damping 
dissipates random vibration 
and high-energy noise... 
contro/s structural response 


Dyna-damp panels and structural sections* 
can be designed in many configurations for addition ae - 
to existing structures or fabrication as — * , = = 
complete damped assemblies. _ ; 


Radically 
Lord announces Dyna-damp—a new engineering improved 


material that counteracts broad-band “‘white” noise and damping is 


vibration. It offers a new, better way to solve acoustic 
fatigue and structural response problems. 


Dyna-damp’s laminated design converts vibratory 


rate traces. 


a Pie 5 ae 
illustrated by 
typical decay 


Undamped: 2024 T-3 
aluminum panel 


Damped: 3-ply 


energy into shear strains which are dissipated in a Dyna-damp panel 


highly damped viscoelastic layer. The damping medium 

is a special form of BTR® elastomer, bonded between 1 
metal elements to give structural integrity and ) DYNA-DAMP FEATURES 
load-carrying strength. 


/ 
| 
‘ 
{ 








| High strength: bonded construction provides structural integrity 

across complete part. Ultimate strength: 60% of solid alumi- 

: num. Shear strength of BTR layer: over 500 psi. Climbing 
i drum peel strength: over 60 Ibs. 

Light weight: jighter than aluminum sheet of equal thickness. 


Excellent fatigue life: proved greatly superior to aluminum in 
acoustic tests to 170 db. 


Broad temperature operation: — 65° to + 250°F. 
Ease of fabrication: can be punched, sheared or stretch formed 


by standard methods . . . fastened by riveting or adhesive 
bonding . . . sections can also be spot welded 


Environmental resistance: good strength and damping ability 
maintained after 7-day immersion in aircraft fluids. 


In jets, missiles, ships, vehicles, electronic units— 
wherever control of resonant response is required— 
Dyna-damp can introduce dramatically improved 
performance, higher reliability. It is available to industry 
in sheet and structural sections or in engineered, finished 
products for use as primary or secondary structures, 
electronic chassis, complete mounting systems. 


Design engineers can obtain further information and 
able application assistance on Dyna-damp from the 
nearest Lord Field Engineering Office or the 
Home Office, Erie, Pennsylvania. 


*patent applied for 


FIELD ENGINEERING OFFICES 


LOS ANGELES, CAL. - HOtlywood 4-7593 
NEW YORK, N. Y. (Paramus, N. J.) 
New York City - BRyant 9-8042 


ATLANTA, GEORGIA - CEdar 7-9247 
BOSTON, MASS. - HAncock 6-9135 
CHICAGO, ILL. - Michigan 2-6010 
DALLAS, TEXAS - Riverside 1-3392 Paramus, N. J. - Diamond 3-5333 
DAYTON. OHIO - BAidwin 4.0351 PHILADELPHIA, PA. « PEnnypacker 5 -3559 
DETROIT, MICH, - Diamond 1-4340 SAN FRANCISCO, CAL. - EXbrook 7-6280 
KANSAS CITY, MO. - WEstport 1-0138 WINTER PARK, FLA. - Midway 7.5501 





“In Canada — Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY « ERIE, PA. 
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LINK-BELT SPHERICAL ROLLER BEARINGS: 


measure these design values 





LINK-BELT SPHERICAL ROLLER BEARING PILLOW 
BLOCKS are available with sturdy gray iron or 


super-rugged cast steel housings. Two-piece design 
simplifies mounting . « permits easy inspection 
and maintenance without disturbing the shaft posi- 
tion. Link-Belt offers adapter mounting types for 
shafts from 1%6” to 10%” and direct-shaft mount- 
ing types for shafts from 1.7717” to 11.0236” 
Choice of rugged steel, multi-labyrinth seals or 
Dacron-contact seals 
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in terms of your applications 


Sa 


SYMMETRICAL ROLLERS 


of maximum size and number 


Check the ratings—compare any size 
bearing, any make, with its Link-Belt 
counterpart. Without exception, you'll 
find Link-Belt’s capacity equal to—and 
more often, greater than—any other 
spherical roller bearing design. Reason? 
MORE ROLLERS, LARGER ROLL- 
ERS! Link-Belt offers the largest effec- 
tive roller complement for all sizes of 
spherical roller bearings rated in 
accordance with accepted formulas of 
the Anti-Friction Bearing Manufacturers 
Association. This: increase in effective 
LDN values (roller length, roller diam- 
eter and number of rollers) provides 
longer bearing life. 


FLANGED 
CARTRIDGE 
BLOCKS 


FLANGED 
BLOCKS 


ALSO AVAILABLE FROM LINK-BELT’S 
SELF-ALIGNING ROLLER BEARING LINE 


Link-Belt offers roller bearings with 
solid housings for shafts from %4” to 
4”. They're compact, rugged, easy-to- 
install .. . employ heavy-duty, double- 
row self-aligning roller bearings. In 
addition to pillow blocks, the mount- 
ings shown above are also available 
Ask for Catalog 
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CARTRIDGE 
BLOCKS 


BALANGED PROPORTIONS 
of all components 


Ample thickness above and below roll- 
ers to handle loads beyond rated capac- 
ity. Largest diameter rollers for maxi- 
mum capacity. 

Boosting bearing capacity involves 
much more than simply increasing the 
size and number of rollers. Permissible 
roller size is limited by the relative di- 
mensions of other parts. Not only must 
retainers and raceways be able to han- 
dle the increased capacity—the overall 
bearing must conform to international 
standard boundary dimensions. With 
balanced proportions design, Link-Belt 
spherical roller bearings meet these re- 
quirements! 


TAKEUP 
BLOCKS 


WRAP-AROUND RETAINERS 
with double-contoured pockets 


Retainers of Link-Belt sphericals are 
precision-mach'ned from centrifugally 
cast bronze. Far stronger than stamp- 
ings, these husky retainers consist of 
independently tracking halves. Wrap- 
around prongs are double-contoured to 
the exact shape of the rollers. They ex- 
tend well below the roller centerline for 
positive guidance . . . well above for 
maximum retainment. All sharp corners 
are removed to eliminate the possibility 
of wiping action between the retainer 
edges and the rollers. This feature pro- 
vides for full roller lubrication even 
during high-speed operations 


SEE BOOK 2760 


for further precision, durability 
and high-capacity features of 
Link-Belt spherical roller bear- 
ings. Contact your nearest Link- 
Belt office. Look under BEAR 
INGS in the yellow pages of 
your phone book 


BELT 


SELF-ALIGNING BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: 


Executive Offices, Prudential 


Plaza, Chicago 1. To Serve Industry There Are Link 
Belt Plants, Warehouses, District Sales Offices and 
Stock Carrying Distributors in All Principal Cities 


Export Office, New York 
(Sydney ); 
(Toronto 13); South Africa, Springs 
Geneva 


; Australia, Marrickville 
Paulo; Canada, Scarboro 
Switzerland, 


Representatives Throughout the World 


Brazil, Sao 
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| TRENDS IN INDUSTRIAL DESIGN 





FRENCH DESIGNERS TRYING FOR A “NATIONAL LOOK” 


In the midst of one of Europe’s most dramatic economic recover- 
ies, French designers are busily feeling their way toward their own 
accent in product design—as distinctively their own as the design 
of the Italians or the Scandinavians. But the day when an auto- 
mobile, washing machine or a lathe can be spotted as “Designed in 
France” still seems to be a long way off. The leading French de- 
signers agree that no national style exists today. A look at their 
latest efforts substantiates this. 


ARTHUR L ERIKSON, Regional Editor, Paris 





Portable welding machine, made by 
Normacem (former mode! above), had 
its internal elements repositioned by 
Compagnie de L’Esthetique Industrielle, 
to provide a more efficient flow of cool- 
ing air through the duct-like cylindrical 
housing. Placing the housing on its 
“side” made it possible to put the con- 
trols on top. Reworked handle permits 
more normal posture when pushing or 
pulling and it can be locked in either 
in-use or at-rest positions. The welding 
machine’s designer, Douglas Kelly, says 
that at least one reason for the different 
approaches to product design in France 
is that industrial design itself is still in 
an early stage of development—not 
just because there are few designers 
and an equally small number of design 
students—but also because industry 
is still unaware of the need for product 
planning and of the more basic ap- 
proaches to design involved in such 
marketing concepts. 
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Space heaters illustrate the divergent 
approaches of two French designers. 
The electric heater (above) designed by 
Bureau d’Etudes Technes for manu- 
facturer Noirot-Kalorik shows the style 
proposed by Henri Vienot. He feels 
design should be “free of superfluous 
decoration and defined by plane sur- 
faces and sharp edges, with the result 
architectural.” Another French design 
concept is reflected in the gas-fired 
heater (above, right) by Philippe Char- 
bonneaux. This style aims for “a re- 
fined and delicate feeling with warm 
colors and clean but soft lines. Aggres- 
sively sharp angles will be less and 


Redesign of kitchen range offers reces- 
sed gas burners (above) that provide a 
continuous ring of flame, without the 
usual center orifice. This makes it possi- 
ble to combine the conventional under- 
burner drip pans into a single, sauce- 
tight tray deep enough to catch and 
hold an entire pot of accidentally spilled 
soup. Wire pot supports are stain- 
less steel, which is easier to clean than 
the usual cast iron. Except for minor 
changes in the oven-door handle and 
the knobs, this redesign job made no 
real change in the range’s (right) out- 
ward appearance. The reason for this 
is found in the comment of its designer, 
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less in evidence but forms will never- 
theless not give a ‘round’ impression.” 
The former model (above, far right) of 
this gas heater, made by Auer, had its 
radiator (temperatures, as high as 570 
F) fully exposed, a potential scorcher 
for anyone who accidentally touched 
it. Igniter and pilot light were also out 
in the open, an arrangement no longer 
acceptable under French safety stand- 
ards. The burner-radiator assembly is 
now enclosed in an enameled and per- 
forated steel wraparound—which per- 
mits heat dissipation—and two end 
stampings, one of them hinged to give 
access to the igniter and control valve. 


bs . 


« 


a | 





Tiarko Meunier, on the difference in 
buying habits in France and the US: 
“French manufacturers of appliances 
and kitchen cabinets today offer units 
that match, making up harmonizing in- 
stallations. But consumers only acquire 
these units over the years (instalment 
buying isn’t as highly developed here 
as in the US), and so manufacturers 
tend not to change designs too often.” 


Voltage regulator for TV sets (above 
designed by Jean George Viaud for Di- 
apelic gets about as far away as possi- 
ble from the traditional “black box” 
look. Housing consists of two plastic 
shells that are made in the same mold. 
Reason for the two-step dividing line 
is “to avoid the consumer’s getting the 
impression that this manufacturer cut 
corners to hold down cost—a straight 
dividing line would have made it 
obvious that top and bottom moldings 
were identical.” This unorthodox ap- 
proach to electronic equipment typifies 
Viaud, who is president of the French 
industrial design organization. He be- 
lieves that “straight lines and squared- 
off shapes, cold in feeling sometimes,’ 
dominate French product design today 
He expects more sculptured forms to 
develop—with softer lines and an in- 
terplay of curved surfaces. 





GOODYEAR EXCLUSIVE! 
9 YOUR IGN OF V- 





Goodyear V-Belts’ precision matching 
comes from this exclusive close-tolerance 
matching equipment that length-codes each belt 
to 1/32”. Most other belt manufacturers code 
only to 1/10”. 


Goodyear V-Belts’ precision 
matching assures standout 
performance. Example: only 28 
COoMPASS-V-Steel Belts handle 
this big steel saw, normally call- 
ing for 42 belts. Result : the steel 
mill saved $500 at the original 
installation — will save more at 
every belt change. 
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THE GREEN @ OEAL 
BELTS CODED 10 1/32 


Here’s your assurance that every belt in 
a set matches in length—pulls together for 
maximum trouble-free horsepower hours 


What’s more, the Green Seal means — 


Dimensional stability that lasts the life of the belt-thanks to 
shrink- and stretch-resistant “muscles” of 3-T Process Cord or 
airplane-type steel cable built into each belt. 

Satisfactory performance even when subjected to dampness — 
because of special mildew-inhibited compounds. 

The most complete line of V-Belts anywhere today — always 
within easy reach through a nationwide network of distributor 
stocks. 


The proper selection of V- Belts to meet your requirements with 
the help of the G.T.M.— Goodyear Technical Man — America’s top 
belting specialist. 


So make the GREEN SEAL your sign of savings—in both time and 
money—by calling your Goodyear Distributor. Or write Goodyear, 
Industrial Products Division, Akron 16, Ohio. 


Lots of good things come from 


GOODFYEAR 


INDUSTRIAL PRODUCTS 


al, Compass —T. M.'s The Goodyear Tire & Rubbe npany, Akron, Ohio 
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Thermostatic / 
Bimetal 


ACTUATES ANOTHER 
PRECISION PRODUCT ... 


mMmaAXIiTROL 
Selectrastat 


A PRODUCT OF MAXITROL COMPANY, SOUTHFIELD, MICHIGAN 


Maxitrol’s “Selectra’’ system puts an end to cycling of forced air gas 
furnaces through continuous modulation of the flame. Because the 
modulation operates electronically, there is no time lag when more or 
less heat is needed. Inside the Selectrastat, a tiny thermistor no bigger 
than a pencil lead senses the slightest variation (as little as 
1/10 degree) in room temperature. In less than one second it signals 
a printed circuit amplifier which immediately modulates the flame 
to provide the necessary heat. 


In addition to modulation, the Maxitrol Selectrastat performs a second 
important control function. The thermistor controls only the modulator 
valve. In mild or warm weather automatic shut-off action is achieved 
thermostatically. A Chace Thermostatic Bimetal element performs this 
function, acting as the upper limit switch. 


Maxitrol assures us that the Selectra system will give added con- 
venience, accuracy and dependability. Chace is proud to have its only 
product—Chace Thermostatic Bimetal—included in such a system. 
Many manufacturers specify Chace Thermostatic Bimetal because it, 
too, is famous for dependability . . . a dependability born of more 
than a third of a century of specializing in one product: Precision 
Thermostatic Bimetal produced to specifications. 


Sead Now Fon Our New Vuformation Gooklet / 


it contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types of 
Chace Thermostatic Bimetal are available in coils, strips and com- 
pletely fabricated elements of your design. 


Thewmottalic Bimeltal 


1602 BEARD AVE., DETROIT 9, MICH. 
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READER TO EDITOR 


Editorial Kudos 


To the Editor: 

I read with interest your editorial on 
p 63 of the Feb 20 issue, “Is Your 
Morality Showing?” You made a good 
point. I congratulate you for putting a 
finger on a principle often neglected or 
compromised for personal gain. 

—J Gorpon Knapp 
Vice-president 
Palma-Knapp Inc 
River Forest, IIl 


To the Editor 

Your editorial, “The Greater Respon- 
sibility,” p 35, Feb 13 issue, was excellent 
and justified. However, you do not say 
what you are going to do about it, or 
what I as an individual can do about it. 
It is possible that the engineering and 
scientific groups of the world can do more 
than most. We have one big advantage 
in that we have always communicated, or 
exchanged ideas and progress, in our tech- 
nical society meetings. We dare to talk 
across international boundaries, where 
others cannot or will not. Maybe we could 
have an international society of technical 
people who will pick up the challenge 
that you have portrayed, and whose basic 
charter will have the specific objective of 
accepting social and moral responsibility 

for our achievements 
— T B Hotiipay 
Elmhurst, Ill 


Which Glass Is Safest? 


lo the Editor 

I would like to call your attention to 
a statement in your Feb 13 issue regard- 
ing safety in automobiles. We feel it 
may be misleading. The reference is con- 
tained in a box on p 25 which lists a 
number of automotive safety suggestions 
by Dr James L. Goddard, former head 
of the accident prevention div of the 
Dept of Health, Education and Welfare 

We believe the statement on “hardened 
glass’ as opposed to “laminated” glass, 
attributed to Dr Goddard, is telescoped 
to the point where it appears to exclude 
from consideration the fact that laminated 
glass is required by law in all states for 
the windshields of automobiles, trucks, 
and buses as a safety precaution. There 
is considerable evidence that laminated 
safety glass—that is, a glass sandwich with 
a plastic interlayer—is the safest material 
for the glassed-in areas of automobiles. 
Actually, there is a generally unanim dus 
opinion among safety engineers that 
laminated safety glass is necessary in wind- 
shields; the controversy is over the best 
protection for side windows 

Generally, laminated safety glass offers 
these advantages which no other material 
has 

1. It provides clear unimpaired vision 
even when cracked. (Tempered glass be- 
comes opaque. ) 

2. It protects passengers almost com- 
pletely from road missiles 
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3. It gives excellent protection against 
scattered glass fragments. 

4. Its resilience acts as a deterrent to 
skull fractures in collisions. 

In the area of safety performance, there 
have been extensive arguments between 
proponents of both types of glass. Since 
an as-yet unresolved controversy exists on 
this important matter of safety, we feel 
the statement in Propucr ENGINEERING 
is an oversimplification that appears to 
favor overwhelmingly one candidate above 
the other in all glass areas, including 
windshields. I am sure this is not the 
impression the editors wish to create, 
particularly in view of the fact that the 
American Standards Association has under 
technical review the whole matter of glaz- 
ing materials for automobiles. 

—Harotp G Brown Jr 
Public Relations Dept 

E I du Pont de Nemours & Co 
Wilmington, Del 


e@ There is a basic controversy on wind- 
shields between European and American 
practice. However, there is something to 
be said for the European glass which seems 
to craze and powder rather than to crack 
and shard. We have heard a little of 
their side of the argument from Europeans, 
but have never seen definitive test results 
The American side of the argument is 
implied in your four advantages, but we 
still worry a little bit about the decapita- 
tions and jugular cuts that occur when 
somebody’s head goes through the wind- 
shield.—EJT 


COMING EVENTS 
APRIL 


19-21... . Institute of Radio Engi 
neers, 13th Annual Southwestern IRE 
Conference and Electronics Show, Dallas 
Memorial Auditorium, Dallas 


20-21 .... Society of the Plastics In- 
dustry, 18th Annual Western Section Con- 
ference, Hotel del Coronado, Coronado, 
Calif 


23-25 .... American Society of Me- 
chanical Engineers, Metals Engineering 
Conference, Penn Sheraton Hotel, Pitts- 
burgh. 


MAY 


7-11... . American Society of Me- 
chanical Engineers, Engineering Institute 
of Canada, Hydraulic Conference, Queen 
Elizabeth Hotel, Montreal. 


8-9 . . . . American Society of Me- 
chanical Engineers, Lubrication Sym- 
posium, Hotel Deauville, Miami Beach. 


8-10 . . . . Institute of Radio Engi- 
neers, 13th Annual National Aerospace 
Electronics Conference, Biltmore & Miami 
Hotels, Dayton, Ohio. 


For a listing of addresses of societies and 
associations send 25¢ to Product Engi- 
neering Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R 32. 
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for 
=m CORROSIVE 


== SERVICE 





—_— os 
In many metals including... 
STAINLESS STEEL 
— MONEL « NICHROME 
PHOSPHOR BRONZE 
ALUMINUM 
BRASS « COPPER 


eel 


For many uses involving... 
FILTER CLOTH © SIEVES 
STRAINERS « SCREENS 
BACKING CLOTH 

WIRE GUARDS 

BOLTING CLOTH 

SPACE CLOTH 

BASKETS 


If you have a tough corrosion problem and need wire 
cloth or wire cloth parts, here’s a source of supply that 
knows the answers. We are proud of the quality of our 
cloth...accurate mesh count, close tolerance wire di- 
ameter, precision weaving...plus the know-how neces- 


sary to specify the proper alloy for your service conditions. 


Write or call us today if you have a problem 


NEWARK ; ; : : 
calling for anti-corrosive wire cloth or wire 


f° ACCURACY cloth parts. Send for Bulletin F-C. 


lire Gloth 


COMPANY 


351 Verona Avenue ¢ Newark 4, New Jersey 
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toughest little customers in captivity. 

It reduces speeds day-in, day-out, with 
little complaint. While it works long and hard, 
it has limitations—set by ratio, center distance, 
RPM, mechanical and thermal HP ratings, etc. 
And, depending upon how precisely it was 
selected and fitted to the job requirements, 
it will do what it has to do. 


worm gear speed reducer is one of the 


But sometimes it’s forced to play outside of 
its league. It must cope with job requirements 
that vary from here to there—normal 8 to 10 
hour service without recurrent shock, the same 
length of service where there is some shock 
loading, continuous low-speed service and al- 
most countless others. But the thing that really 
puts the pressure on reducers, the thing that’s 
lurking in every set of job requirements—is 
h-e-a-t. 


When you exceed the thermal capacity ofa 
reducer for more than an hour or so, excessive 
temperature thins the lubricant resulting in 
wear; material, bearing and oil seal failures; 
etc. Of course, the proper lubricant will help 
but it can’t cure the continuing problem of 
excessive heat. 


So how can we lick this toughy? One way is 
to build the reducer housing oversize, big 
enough to radiate the heat away and keep 
temperatures down. But this type sticks out in 
aisles, louses up compact designs and barks 
shins. Then, we might try a smaller housing 
complete with fins on it to dissipate the heat. 
If this still doesn’t work, another trick is to 
use a reducer with capacities and ratings a step 
above the ones we need. This is sending a man 
to do a boy’s job. It’s impractical, inefficient 
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and costly. There has to be an easier, better, 
saner and cheaper way to do it. And there is! 


In certain cases, where the size and type of 
reducer permits and where we can gain enough 
in thermal HP rating to keep heat generation 
in bounds, Cone-Drive Gears does it with 
fan-cooling. 


What’s that? Simple. Just add a fan to the 
worm shaft plus the necessary air shields, fan 
cover, etc., and presto!—heat is no longer a 
problem. The air shields direct the fan-pushed 
air over the fins on the lower portion of the 
reducer. The fins are shaped and spotted to 
guide the air stream where it is needed. Thermal 
HP ratings are boosted tremendously, as high as 
147% above those of standard reducers in some 
cases! Those over-worked, over-heated reducers 
will now do the job you bought them to do. 


Other advantages? They’re here in abun- 
dance. The size of the reducer stays the same. 
All parts on a Cone-Drive fan-cooled reducer 
are 100% interchangeable with parts for stand- 
ard reducers. Oil capacity is identical. Shields 
are quickly removed without disconnecting the 
reducer. (This is important where severe oper- 
ating conditions make periodic cleaning neces- 
sary). The reducer can also be operated without 
fan-cooling just by taking off the fan and shields. 


This simple addition to standard Cone-Drive 
HU speed reducers might be just your answer— 
might save you some money. Write for Cone- 
Drive’s Bulletin CD-218. It will tell you all 
about the full line of Cone-Drive double- 
enveloping worm gear reducers as well as the 
fan-cooled kind. Cone-Drive Gears, Div. 
Michigan Tool Co., 7171 E. McNichols Rd., 
Detroit 12, Mich. 


CIRCLE 31 ON READER SERVICE CARD-> 





Ten fastening problems solved by ELASTIC STOP nuts 


TIGHTENED AGAINST THE WORK 


FOR MANY SPECIAL FUNCTIONS 


Vibration and impact proof 
bolted connections in 
standard applications. 























any e lectrical or electronic 
assembly where positive 
contact must be main- 
tained. 


On all electrical terminals 
subjected to vibration in 
transit or operation, and for 


To seal bolt threads where 
leakage past stud threads 
must be prevented. 


uN 


| 


Blind fastening applica- 
tions where nut is 
“clinched” into sheet metal 

. becoming self-retaining 
as well as self-locking. 


To eliminate drilling and 











tapping and provide steel 
thread strength for soft 
metals, an ESNA spline nut 
is pressed into a bored hole 
in casting. 


Simplified self-aligning 
self-locking fastener for 
bolting two non-parallel 
surfaces, 
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Spring-mounted connec- 
tions or dynamic balancing, 
where nut must stay put 
yet be easily adjusted. 
(Flanged face eliminates 
need for extra washers. ) 


On make and break adjust- 
ment studs where accurate 
contact gaps must be main- 
tained. Note “thin” height 
design for limited clear- 
ance. 


ee eeneeenee eee @ 


For bolted connections re- 
quiring predetermined 
play. 


For rubber-insulated and 
cushion mountings where 
the nut must not work up 
or down. 








HOW THESE NUTS SOLVE SO MANY 
FASTENING PROBLEMS, ELIMINATING 
EXTRA PARTS AND OPERATIONS... 


The red locking collar of an ELASTIC STOP® nut grips bolt 
threads with a perfect fit that will not loosen under severe 
vibration or stress reversals, and seals against liquid seep- 
age. By bringing nut and bolt metal thread flanks into firm 
contact it eliminates wear producing axial play. The elastic 
locking action of the insert-type stop nut does not distort or 
gall bolt threads. It is reusable many times. 

Send for the following free information: Elastic Stop nut 
bulletin; Rollpin® bulletin. Or enclose a drawing of your 
product for specific self-locking fastener recommendations. 
Write to Dept. N30-445. 





ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 








c. B. KAUPP & SONS 


Newark Way, Maplewood, N. J.—POplar 1-4000 


@ 


aaa cae manatees | Reader Service Dept, Product Engineering, 330 W 42nd St, New York 36. 


32 


KAUPP 
PRECISION-FORMED 


METAL 


COMPONENTS 








Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra- 
ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


METAL CRAFTSMEN 
SINCE 1924 
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. . . plastic knurling for control knobs. These could be made up in a number 
of stock sizes and prepared so that they would shrink onto a smooth knob 
with application of moderate heat. Like the “shrink-on” insulators for con- 
nectors, the knurled-surface sleeving would first be extruded from a plastic 
that has a “memory,” and then expanded. The consumer need only slip them 
over a smooth steel or aluminum knob and shrink them into place with heat 
from a light bulb or the equivalent. —C Prrxo 


. remote detonator for explosives, based on the 

piezoelectric “spark pump” (see PE—Oct 24 ’60, 

p 17). Present detonators are generally of two 

types: a fuze igniter which slips over the fuze, 

igniting it with a pull of a wire, and a magneto 

plunger that sends a pulse of current over a wire 

to detonate the explosive. Magneto detonators, 

while allowing remote firing, are bulky, heavy and 

expensive. A piezoelectric device could be both inexpensive and small—and, 
because of this, could be made expendable. But it must be capable of generat- 
ing an instantaneous pulse of current of magnitude sufficient to fire several 
blasting caps or squibs. —R Marie 


. an indicator on the face of oscilloscope tubes that shows speed of sweep, 
and sensitivity of deflection. This would be very helpful for the many appli- 
cations in which the oscilloscope trace is photographed for subsequent analysis. 
Without knowing the scope settings, the trace itself is practically useless. Per- 
haps the deflection and sweep-frequency control knobs could be geared to 


drum counters and their images projected on a corner of the screen via a 
system of mirrors. —L F Garser 


. a hydrometer that automatically corrects for temperature of fluid. 
Hydrometers traditionally include both a thermometer and a correction chart; 
these are slow, clumsy and likely to induce errors. A better way would be to 
float the scale on an expanding fluid or gas, thus automatically compensating 
for temperature change. But the rate of expansion would have to match the 
rate of change of the correction factor. Also, because correction factor 
depends on the fluid being measured, the hydrometer would be limited to 
measuring the specific gravity of only one fluid. But the method would be 
useful for special-purpose hydrometers such as those used for battery water 


or antifreeze solution. —J] WALLINGER 





Now available: 
A combined reprint 


WHY DON’T THEY RESEARCH AND DEVELOP? 


A 64-page booklet containing 200 of the best ideas printed in this column over 
the past 3/2 years. From the many suggestions that have appeared, the editors 
have culled those they believe to be most wanted, most practical in the light 
of present scientific knowledge. To get your copy of this rich source of new 
product ideas, send $1 to: 
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Spring Silencers and Heater Duct MARLEX Seat Side Shields—Cost less than painted steel 
silencers are durable, self-lubricating, and less costly. ..-dent and scuff resistant, lighter, easily cleaned, 
Duct is flexible, rot-proof, withstands tears and and with “molded in” texture and color. 

punctures. 


The MARLEX’ look on 1961 cars 


Shown here is a selection of current applications for MARLEX variously 
used by American Motors, Chrysler Corp., Ford, and GM. They offer 
new proof of the improved performance (at comparable or lower costs ) 
provided by this versatile, high density plastic. 





MARLEX items (like the original equipment applications shown here ) 
are unaffected by extremes of temperature (—180°F to 250° F) and 
resistant to acids, alkalies, oil and grease. They are lightweight, tough, 
durable, non-allergenic, corrosion- and rot-proof...can be machined, 
welded, bolted, and printed upon. There are production advantages, too. 
Superior finished items can be quickly and economically produced from 
Windshield Washer Jar— MARLEX high density resins by injection molding, extrusion, blow 


Container made of MARLEX molding or thermoforming. 
won't shatter or burst. . . is 
unaffected by freezing or 
under-the-hood temperatures. 


Technical and design data on MARLEX high density polyethylenes and 
ethylene copolymers, and their many uses, is available to you. 


*MARLEX is a trademark for Phillips family of olefin polymers. 


For more information, see your plastic fabricator. . . or contact us. 





PHILLIPS CHEMICAL COMPANY 
Bartlesville, Oklahoma 


A subsidiary of Phillips Petroleum Company 





TO 


INSURE SUCCESSFUL PERFORMANCE 


every GRAMIX paar is 


(PRODUCTS OF POWDER METALLURGY) 


APPLICATION 
ENGINEERED 


One of the most important factors to consider when pur- 
chasing powder metal parts is that of successful part 
performance; for a part to successfully perform its job, 
all of its physical and metallurgical characteristics must 
be suited to the application. 


GRAMIX Products of Powder Metallurgy are always 
Application Engineered, which means product is spe- 
cially matched to each specific application. From an al- 
most unlimited variety of metal mixtures, one alloy is 
blended that contains the required properties and charac- 
teristics of the finished part; a// aspects of part design 


and conditions under which it must operate are taken 
into account. Only then is the GRAMIX part produced. 


Eight of these Application Engineered GRAMIX parts 
are shown here. Each precisely suits the requirements of 


its job... each is the best part available for the job. 


When you specify a GRAMIX part, you can always be 
sure that it has been Application Engineered for success- 
ful performance, long life and complete reliability. For 
more information on Application Engineered GRAMIX 
parts, write for Engineering Handbook G-55. 





CORN SEEDER 


GRAMIX was the material spec- 
ified for this corn seeder part 
because the surface finish ob- 
tainable with the alloy used re- 
duced the tendency of material 
to stick to the surface. 


ye r 
es, 


— 








CONNECTING COUPLING 


The connecting coupling em- 
ployed in a small home ironer is 
formed from a special GRAMIX 
hardened steel alloy; it offers 
low wear and shock resistance. 


CONTAINER COVER END CAP 


Great savings were realized 
when retainer caps for certain 
types of electric motors were 
made of GRAMIX. 

This process made it simple and 
economical to mold the multi- 
ple holes to precise tolerances 
without extra operations. 
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HELICOPTER THRUST WASHER 


The outstanding features of the 
GRAMIX alloy specified for 
this thrust washer are a depend- 
able and consistent friction and 
wear pattern as well as a fine 
surface finish. 


TAPE RECORDER SPINDLE 


One of the important requisites in a tape 
recorder is a low noise level. United States 
Graphite Company engineers developed 
a special alloy to meet these requirements 
in the GRAMIX spindle. 


GUIDE BEARING 


Built-in lubrication and low friction 
to reduce heat are important features 
of the GRAMIX alloy chosen for this 
guide bearing. 


LIQUID PUMP END PLATE 


This end plate is typical of 








many parts employed in liquid 
pumps of many types 
It is made from a wear resistant 
bronze alloy that was developed 
for pump applications, 


FRACTIONAL H.P. MOTOR 


The GRAMIX bearing for this 
Fractional h.p. motor was devel- 
oped from a special low noise 
level alloy. 


Its_ self-lubricating properties 


were also an important consid- 
eration in specifying GRAMIX. 


Mpt 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
GRAPHITAR” carpon-crapHite © GRAMIX” POWDER METALLURGY © MEXICAN GRAPHITE oa e SG" BRUSHES 
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Gasket engineering 


THE PROPER USE 
OF SPECIFICATIONS 


Specification testing is useful as a method of quality control. But specifications alone 
do not form a sound basis for gasket selection or predicting gasket performance, since 


performance is determined by the interaction of many factors. 


A resilient gasket material that meets 
all pertinent government and industry 
specifications may still fail to provide 
a Satisfactory seal in actual service. 
At the same time, a material that falls 
short of one particular specification 
may well be the most suitable for a 
certain application. 

The reason for this is that gasket 
performance is determined by many 
factors—such as flange pressure, con- 
tained fluid, qualities of the material— 
in infinite combinations. It is impos- 
sible to set up tests which will take all 
the combinations of these factors into 
consideration. 

As a result, specifications frequently 
do not give a realistic idea of the gas- 
ket’s performance. For instance, many 
gasket specifications have rigid tensile 
strength requirements. Tensile strength 
is easily measured. Yet it usually has 
little bearing on the sealing ability of 
a material. For all practical purposes 
a gasket needs only sufficient tensile 
strength to hold its shape until it goes 
to work in the flange. 


This Armstrong-developed instrument—called 
a dilatometer—is used to study dimensional 
changes in gasket materials caused by dif- 
ferent conditions of temperature and hu- 
midity. It can detect variations as small as 
half a mil in a 12” sheet 
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EDISON POWERS 


Armstrong Research and Development Center 


This device is used by many laboratories to 
help standardize gasket testing. Developed 
by Armstrong and recognized by the National 
Bureau of Standards, it is used to measure 
indentation and recovery characteristics of 
resilient gasketing materials 


Tests for resistance to liquids are 
also unrealistic where uncompressed 
strips of materials are com- 
pletely fluids. 
Test results may show intolerable 


gasket 
immersed in various 
changes in such factors as volume, 
compressibility, recovery, and elonga- 
tion. In practice, however, only the 
edge of the gasket is exposed, and the 
effect of the fluid may be negligible. 

Other tests—ream weight and burst- 
ing strength, for example—have been 
taken from the paper industry. Again 
they are of little help to gasket users 
in selecting materials. 


Compounding the difficulties of 
selection by specification is the lack of 
standardization in test procedures and 
instruments. In the matter of com- 
pressibility alone, there are the vari- 
ables of sample size and type of pres- 
sure foot, and the method and speed 
of load application. 

Another difficulty with the practice 
of buying gaskets by specification is 
the fact that it may delay the discovery 
and use of new materials that will do 
the job better. Unless specifications are 
frequently reviewed, they are likely to 
be outdated. 

Gasketing efficiency can be improved 
by asking the question, “Will it do the 
job better?”, when you select a mate- 
rial rather than, “Does it meet our 
specifications?” Once you have selected 
the proper material, you can establish 
new specifications and then put spec- 
ification testing to its proper use—as a 
means of quality control to make sure 
that each succeeding shipment of gas- 
ket material has the same physical and 
chemical characteristics. 

The Armstrong Gasket 
Manual offers a wealth of research 
material on gasket design and selection. 


Design 


If you would 
like help in se- 
lecting a gasket 
material 
tablishing 


specifications or 


or es- 


new 





a copy of the 
manual, write 
Armstrong Cork Company, Industrial 
Division, 7104 Irvin Street, Lancaster, 
Pennsylvania. 


(Armstrong GASKET MATERIALS 
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Allis-Chalmers combines fend off corrosion... 


GUARDED BY GALVANIZED STEEL 


When you see a big Allis-Chalmers combine like this cut- 
ting grain on the farmlands of America you can be sure 
that galvanized steel has been used in its construction. 


Reasons? First, galvanized steel provides excellent weather 
protection and low maintenance cost. Neither dew nor 
drizzle nor drenching rain will find a chink in its zine 
coating. That holds true regardless of the severity of the 
fabricating steps to which it may be subjected. And in 
addition to its corrosion resistance, galvanized steel has a 
lot of resistance to high cost: It’s easy and economical to 
fabricate, construct and maintain. 


MIDWEST STEEL 


Portage, Indiana 


WEIRKOTE® IN PARTICULAR! The galvanized steel 
used in these combines is National Steel’s Weirkote. To 
the inherent strength, economy and versatility of steel, 
Weirkote adds enduring zinc protection via the modern 
continuous process. As a result, Weirkote can be worked 
to the very limits of the steel base without chipping or 
peeling. And it assures you of long-lasting protection 
against corrosion. It is manufactured by two National 
Steel Corporation divisions, Weirton Steel and Midwest 
Steel. Write Weirton Steel Company, Weirton, West 
Virginia, for further details. 


WEIRTON STEEL 


Weirton, West Virginia 


divisions of 
NATIONAL STEEL CORPORATION 
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Operator dips parts in HANDY FLUX and as- 
embles them with Easy-FLo 45 rings on a 
moving rig. Assemblies then pass between 
banks of gas burners to complete brazing 
process, Capillary action of EaAsy-FLo braz- 
ing alloy insures thorough penetration—guar- 
antees high strength, leakproof joints. 


Flair No. 21 Hot Water Air Vent consists of 
the basic free-venting air valve, a generous 
air-collection chamber and a massive hex 
base. Two preform rings of Easy-FLo 45 are 
used in the brazing operation. Valve assem- 
bly at left was subjected to extreme pressure. 
Note how body ballooned; joints strong and 
leaktight. 





Th 











How Flair Manufacturing Speeds Production, 
Eliminates Costly Casting With Easy-Flo Brazing 


Never a field failure in any joint brazed with Easy- 
FLo 45 and HANDY FLUx—that’s the proud record of 
Flair Manufacturing Company, Brooklyn, New York, 
makers of an extensive line of air valves and other 
specialties for steam and hot-water systems. 


Flair finds that brazing with EAsy-FLo 45 offers 
competitive advantages in every aspect of design, 
production economy and service life. Big savings are 
made through elimination of costly casting equip- 
ment and more productive use of space. Production 
is smoother, faster. Valves look better, last longer. . . 
in tests to 5000 psi, valve bodies burst while brazed 


joints remain intact. All this for an alloy cost per 
unit of approximately 2!¢ for two preform rings 
of Easy-FLOo 45. 

Speed, strength, economy, low labor costs—advan- 
tages any manufacturer would be glad to have. And, 
all achieved through use of Handy & Harman silver 
alloy brazing. Chances are silver alloy brazing could 
benefit your product too. If it could, or if you think 
it might, don’t hesitate to get in touch with Handy 
& Harman. We’ll help you in every way possible. 
Why not call us today ? 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


DON’T MISS OUT... 
on Handy & Harman’s new silver alloy 
brazing Correspondence Course. Designed 
to put all the facts and techniques at your 
fingertips, this course is invaluable to every- 
one concerned with silver alloy brazing 
Send for ‘‘Training Course Prospectus.” 
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HANDY & HARNAN 
General Offices: 850 Third Avenue, New York 22, N. Y. 


Office and Plants: Bridgeport - Chicago - 
Dallas - 


San Francisco 
Toronto 


Los Angeles 


Cleveland - Detroit - Providence - Montreal 


DISTRIBUTORS IN PRINCIPAL CITIES 
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STONE UPON STONE 


The temples of Greece and of the Mayans, the cathedrals of Europe 
all the monuments of the Old World—have been built painstakingh 
by laying stone upon stone. The older ones are built without 
mortar, which meant days of work to fit and interlock each block. 
Some structures took centuries to build, while generations lived 

and died. The ideas and plans of the original architect in many 
cases died with him, but the building went on. Those who worked 
on it had no hope of seeing it completed, but felt their sons 

or grandsons might. And this was enough; they were content. 

The future was clear; their sons and their sons’ sons would 

live as they had lived. 

The reputations of families and of businesses were similar]; 
built—by painstakingly laying stone upon stone, through the 
generations. There were no shortcuts. 

Even in our foreshortened Age of Acceleration, the cycle of 
development follows the same pattern in an impatient sort of way. 
In the chemical industry, they speak of a development cycle of seven 
vears “from test tube to tank car.” Studies of mechanical developments 
show similar patterns of five to seven years. 

But, in that time, personnel on the project may be changed 
radically. Ordinary turnover rates of 10% per year may result in half 
or more new people on the project, and our practice of multi-step 
development by specialists may have even more drastic effects. 

The original concept of the inventor may be radically changed by othe 
men’s ideas, by roadblocks, by economic cycles, by the fairly 
vicious limitations of the annual budget, by customer whims. 

Someone said long ago, “Rome wasn’t built in a day.” 

Neither is anything today. It must be the product of one man’s mind, 
implemented by many minds, many hands, and time, just as it 

always was. But the rules have changed. No longer is there any reason 
to assume that the future will be like today. Conditions change too 
rapidly. Thus time can erase direction, and the original idea 

may be lost in changes to meet current conditions. 

To put it another way, the telescoping of the time period during 
which a product can be sold places new demands upon the developer. 
He must be certain his design anticipates change. He can’t design 
a “cathedral” in the belief that it will be built by, and suit, 
succeeding generations as well as his own, because a technological 
civilization won’t stand still for six centuries of Gothic towers. 

And his design, or his personality, must be strong enough to preserve 
the concept or idea so his successors know and retain the full depth 

and breadth of his idea; otherwise, each “generation” (or 
development design) will depart further from the inspiration 

until the product is an uninspired dud. 


[AWG Ecru. 
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The switch is to decorated Beetle” Urea Plastic. Now you can mold multi- 
colored decorations into switch plates, stove hardware, business machine keys, temperature indicator knobs, 
electrical appliance housings, and countless other products—and maintain production economy! By incor- 
porating a patterned, resin-impregnated foil during the molding process, you avoid costly after-decoration. 


The pattern becomes part of the molded Beetle Urea plastic. It won't chip off, scratch off or wear off. 
And you stili enjoy these proven Beetle plastic advantages: resistance to detergents, oils and grease; arc- 
resistance; track-resistance; good dielectric strength; surface hardness; stain resistance; wear-resistance; 
unlimited range of colors. Write for complete information or call your local Cyanamid representative. 
AMERICAN CYANAMID COMPANY —___C Y¥ANADRLID __— PLASTICS AND RESINS DIVISION 


Wallingford, Connecticut. Offices in: Boston « Charlotte «- Chicago + Cincinnati + Cleveland + Dallas + Detroit + Los Angeles 
* Minneapolis + New York + Oakland + Philadelphia + St. Louis +« Seattle - In Canada: CYANAMID OF CANADA LIMITED, Montreal - Toronto 
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how to pick 


PRODUCT 
Ne = ee 


THE RIGHT MECHANICAL 


COUNTER 


1/0 


Instead, design the entire system with the counter in mind. 


Here are the rules to follow. 


L D TEMPLE, Bowmar Instrument Corp, Fort Wayne, Ind 


Mi echanical counters might seem to be simple, but they can pose tricky 
design problems, particularly in systems where both speed and service life are 
critical. The counting rates required by most machines today make it neces- 
sary to design the counter directly into the system. No longer is it practical to 
choose a completely satisfactory part by catalog number. 


FOR A BETTER DESIGN 


If a counter is improperly incorporated in a system, it can be the weak link. 
But it won’t be if you remember these points. 


Hold counter-wheel diameter to a minimum 


Don’t tie down character height too soon Character height determines 
wheel diameter, and the wheels represent most of a counter’s inertia. A rigid 
specification of this dimension can hamper you in more important areas— 
speed, torque, and life. 

Character height is only one factor involved in readability: The three- or 
four-digit number registered on the average counter must be read as a unit; 
and at a distance of two or three feet. For example, a four-digit counter with 
}-in. numerals on wheels spaced 0.500 in. from center to center is not signifi- 
cantly easier to read than one with 4-in. numerals on wheels spaced 0.190 in. 
from center to center. The wider spacing of the larger characters makes it 
difficult to comprehend the counter readout at a glance. (See sketch below, 
drawn twice actual size.) 


continued, next page 
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THE RIGHT MECHANICAL COUNTER continued 














1000 
Speed, rom 


USE LOWEST SPEED POSSIBLE—importance of this is 
seen in typical life-speed curve. 


Hold counter speed to a minimum 


Inertia increases with the square of the velocity, so life 
drops off rapidly as speed increases. A typical life-speed 
curve is above, at left. The precise curve for a given unit 
will depend on the number and size of the counter-wheels 
and upon the type of transfer mechanism, but it will not 
differ significantly from this basic curve. 

If you run into a snag, reexamine your demand for ac- 
curacy. Does your system really require a full count in the 
last decade? What would vou lose by rounding that last 
place off by fives? Counters with 10 units per drum are 
available with the input wheel marked 0,5,0,5,0, etc., but 
with all wheels to the left marked conventionally from 0 
through 9. Such counters advance the readout by 500 in 
only ten revolutions, transferring at each zero: a unit run- 
ning a full count on the input wheel requires 50 revolu- 
tions to achieve the same result even though the counting 
rate is not any faster. If the system permits these looser 
limits, you can reduce counter speed by a factor of 10 and 
raise the available torque by increasing the ratio from the 
driving source. At the same time, you cut down the run- 
ning-torque requirements and increase counter life. 


Maintain a steady speed 


The life of the counter is also limited by its duty cycle— 
that is, by the time it is operated at maximum rated con- 
stant speed against the time it is operated at overspeed. A 
typical curve for this relationship is shown above, at right. 
The precise shape of the curve for a given system depends 
primarily on the two speeds involved and the differential 
between them. But as was the case with life vs speed, the 
actual curves will not differ greatly from the basic one. 


DRIVING SOURCES FOR THE COUNTER 


If the driving source is handcrank or some other manual 
control, avoid step-up ratios over 5:1 from the drive to the 
counter input. If you must employ a higher ratio, apply 
a drag brake to the counter shaft. Without such protec 
tion, momentary speeds of over 2000 rpm can be produced 
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Total ro 25 50 

% of % Constant speed 
running}I00 75 50 

time % Overspeed 


TYPICAL LIFE under variable operating conditions shows 
importance of constant speed. 


by twirling a 4-in.-dia knob driving through a 6:1 step-up. 
There is also the danger that an abrupt reversal of direction 
will whiplash the wheels, and perhaps pound out the lock- 
ing cams and transfer pinions. 

If the driving source for the system is a servomotor, the 
torque available at the counter, and the inertia reflected 
back to the motor are of primary concern, particularly in 
systems where response is critical. In this area, work closely 
with the supplier, since acceleration (response speed) can 
be specified realistically only in terms of a specified input 
torque. And the counter’s torque requirements involve 
close calculation of the inertia to be overcome. 

Torque requirements must be considered under both 
static and running conditions over the entire temperature 
range. You must have power available to start the unit and 
sufficient additional power to meet the maximum required 
input speed. Running torque—the sum of friction and 
transfer—is seldom a major problem at normal tempera- 
tures. In extreme cold, however, lubricants in some coun- 
ters tend to “set up.” Such an increase in viscosity will in- 
crease input-torque requirements. Therefore lubricants 
must be used that will operate at low temperatures, yet 
not evaporate at high temperatures. 


INERTIA AND TORQUE CALCULATIONS 


The precise calculation of inertia is complicated; it in- 
volves exact dimensions and weights of a number of parts— 
counter-wheels, full-tooth gears, locking cams, two-tooth 
transfer mechanisms, pinions, and shades. This calcula- 
tion should be done by the supplier, but you should be 
familiar with the basic problems involved. 

The inertia of a straight decimal counter can be approxi- 
mated (somewhat roughly) by grouping the wheels, gear- 
ing and pinions as separate cylinders and figuring their 
inertia as three separate pieces, using this equation: 

/ 1/2 Mr? 


where WV z. 


Vv 
g 


and where k is the weight of the cylinder in pounds per 
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cubic inch (0.102 for aluminum wheels, 0.289 for steel 
gearing and pinions and V is volume in cubic inches. 

The sum of the three calculations is an approximation 
of the total inertia of the counter with all wheels trans- 
ferring simultaneously from 2 static condition. In actuality, 
of course, this maximum inertia will be met only occa- 
sionally. For a three-drum, single-width wheel decimal 
counter, for example, one-third of the total can be assigned 
to each wheel assembly. Load applied to the driving 
source will be only a third of the total when the input 
wheel alone is started. It rises to two-thirds at the transfer 
point, where the middle wheel starts as well. 

Since transfers are complete in about 36° of arc in most 
counters with standard mechanisms, the probabilities are 
9 in 10 that only the inertia of the input wheel will be 
encountered at any starting point selected at random. In 
a three-wheel unit, this figure will be doubled or tripled 
in the transfer area, depending upon the number of 
wheels transferring. 

Additional problems arise under acceleration. Driving 
torque, if plotted, would show sharp peaks at each transfer 
point, since wheels at rest tend to remain at rest. The 
amplitude of these peaks depends upon the number of 
wheels engaged in the transfer. The torque required to 
overcome the inertia of the wheel assemblies is 


7 = Ge) 


where T is torque in lb-ft, J is the moment of inertia, lb-ft’, 
for all wheels transferring, (#; — @,) is the change in angu- 
lar velocity in radians per second, t is time in seconds to 
make speed change, and g is acceleration of gravity. 

The periodic peaks created in the torque curve tend to 
set up vibrations as the speed increases. If the speed is 
high enough, these vibrations can create problems. Fur- 
thermore, the changing load conditions on the counter’s 
gear train can produce a destructive hammering effect, 
especially if gear faces are too small to handle the impacting 
force. Locking cams and pinions can also be damaged, and 

if the torque is high enough—the pinion shaft itself can 
be deflected sufficiently to jam the wheels. 

Suppliers make provisions to counteract these prob- 
lems. Some incorporate special transfer devices in units 
designed for high-speed operation. The Geneva mech- 


anism, for example, can be adapted for this purpose. It has 
definite drawbacks, however, because of its sliding friction; 
it wears rather rapidly, and it tends to introduce ambiguity 
into the readout at the transfer points. 

Another approach is to build the counter so that its 
reflected inertia is great enough, in proportion to its driving 
inertia, to cause a slight, but significant, reduction of 
speed at the point of transfer. Since torque is inversely 
proportional to time, the retarded transfer reduces the 
torque load and increases the life of the gear train. 

If you keep all these considerations in mind, you can 
write a realistic specification for a counter. If you draw 
your specification well—keeping it as complete as possible, 
without making it self-defeatingly rigid—you can take 
advantage of the specialized experience and capabilities of 
your suppliers. In most cases, it is best to state your 
problem fully in your first inquiry. Use the following 
checklist as a guide. 

HOW TO SPECIFY 


® Driving source (servomotor? mechanical? other? describe) 
@ Maximum continuous speed required 

© Maximum intermittent speed required 

® Duty cycle at these speeds 

© Temperature range 

® Minimum torque available over temperature range 

@ Maximum allowable inertia refiected at driving source 
© Required life 

© Counting rate and accuracy of readout 

® Distance and angle at which counter is to be read 

© Minimum and maximum numeral size acceptable 

© Special environmental considerations. 


EDITOR’S NOTE: Counters, digital displays and related 
design problems have been treated in these previous 
articles: 
Digital Readouts, Oct 31 ’60, p 46. Complete roundup of 
all types of digital displays, how they work, how to choose 
the right one. 
The Significance of Wk? and How to Calculate It, June 27 
60, p 39. Discusses the importance of external inertia 
referred to motor shaft, describes how to calculate Wk’, 
provides table of gear-train and equivalent inertias, table 
of inertia values for solid-steel cylinders 1 in. long in 
diameters from 1 to 200 in., and gives approximations for 
moments of inertia of various parts: flywheels, gears, 
armatures. 
Selecting Counters for Digital Display, May 16 '60, p 106 
Author gives specific suggestions on counter type, speed, 
driving torque and life—and a case history. 

—Frank Hall 





NOW AVAILABLE, A COMBINED REPRINT ON... 
Wk’ and motor selection 


13 articles, 64 magazine-size pages on how to 
calculate moments of inertia, and how they 
influence duty-cycle selection of electric motors 


and drives. 


Copies of this combined reprint are available at $2 
each, including postage. Send order with remittance to: 
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SIGNIFICANCE OF Wk? AND HOW TO CALCULATE IT 
DRIVING HIGH-INERTIA LOADS 
DRIVE-ACCELERATION TIME 


DETERMINATION OF MOTOR HORSEPOWER FROM 
DUTY CYCLE 


TORQUE MOTORS AND BRAKES 


PREDICTION OF INDUCTION-MOTOR PERFORM- 
ANCE AND OTHERS 


Reader Service Department 
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Your selection guide to 


HIGH-DAMPING 
MATERIALS 


ERIC E UNGAR, senior engineering scientist 


Bolt, Beranek and Newman Inc, Cambridge, Mass 


D KENT HATCH, product engineer 
Plastics Division, Monsanto Chemical Co, Springfield, Mass 


To control vibration in structures 
by applying viscoelastic materials, 
you must first know their dynamic 
mechanical properties and how they 
vary. The authors have searched 
dozens of sources to bring you 
basic data on over 50 important 
materials, and have coupled this 
data catalog with an introduction to 
viscoelastic damping. Sample 
problems show how to put 


theory and data to work. 
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Suppose you are designing a mechanical system 
that will have to operate in a vibration-laden environ- 
ment. You can avoid structural fatigue by keeping 
the natural frequencies of the system well away from 
the exciting frequencies. This is done by adjusting 
stiffness and mass factors in the structure itself or, 
where that is impossible, by adding protective devices 
that either absorb the excess energy or transfer it 
away. 

But what do you do when the frequency range of 
possible excitation is so wide that resonances cannot 
be avoided by these protective means? This is a 
growing problem, because of the rapidly increasing 
sources of intense excitation that have wide-band fre- 
quency characteristics. 

Built-in damping is one answer now receiving 
increasing attention. Rubbers and plastics that can 
dissipate large amounts of energy, when stretched 
or sheared, are being added to vibrating metal struc- 
tures as a simple, cheap, lightweight, yet effective way 
of controlling resonance problems. These “visco- 
elastic” materials can be added in many forms: com- 
plete or partial coatings, inserts within structural 
members, laminations, tapes, or vibration mounts of 
new design. 

Behavior of such materials is complex, and impor- 
tantly affected by temperature and by frequency of 
vibration. Besides providing a simple introduction to 
viscoelastic materials, this article includes a materials 
catalog containing dynamic mechanical-property 
data for over 50 materials suitable for damping appli- 
cations, and sample problems that illustrate how to 
match the material to the application. 


WHAT ARE VISCOELASTICS? 


Hooke’s famous law “stress is proportional to 
strain” is the basis of most structural design. An 
ideal elastic material obeys Hooke’s law independ- 
ently of rate of loading. Most metals are nearly 
ideally elastic, up to certain stress levels, for most 
commonly encountered loading rates and tempera- 
tures. On the other hand, the stresses in ideally vis- 
cous fluids are proportional to rate of strain, r¢gard- 
less of the stress level. 


1 .. STRAIN LAGS STRESS in a viscoelastic 
material by a phase angle 4. Tangent of this 
angle is g, the loss factor for the material. Here, 
sinusoidal loading is assumed. 


2.. DYNAMIC MECHANICAL PROPERTIES 
in the complex plane are more easily visualized. 
Left: the stress-strain vector diagram, with 
strain e lagging stress S by phase angle 4. 
Right: the vector relation between real mod- 
ulus E; or G:, imaginary modulus E, or G2, and 
complex dynamic modulus E* or G*. For visco- 
elastic materials, values of G are about one- 
third those of E. 





In most cases, design may neglect the effects of 
loading rate for metals, and the effects of stress level 
for fluids. For most materials, however, there is a 
range of temperatures and loading rates within which 
stress effects and strain-rate effects are of equal im 
portance. In that range the materials are said to be 
viscoelastic. Most of the rubbers and plastics in use 
today act viscoelastically to some degree at commonly 
encountered temperatures and loading rates. 

As their name implies, viscoelastic materials possess 
combinations, in various proportions, of energy stor 
age (elastic) and energy-dissipation (viscous) capa 
bilities. They are therefore well suited to applications 
where such combinations are required. Present-day 
uses of these materials fit into two rough classifica- 
tions, depending on which of the two energy terms 
dominates. For example, energy storage is more 
important for tires (it gives them their springiness) ; 
energy dissipation contributes to the riding quality in 
a lesser way by reducing vibration and wave effects 
in the tire. On the other hand, the materials utilized 
in vibration- and sound-damping systems are selected 
primarily for their energy-dissipation properties. This 
article concerns mainly the behavior of materials in 
the second category. 


WHAT QUANTITIES CHARACTERIZE THEM? 


If a small sinusoidal stress, s = s, cos wt, is applied 
to a steel rod, we observe a strain equal to e, cos ot, 
which “follows the stress” exactly, so that ratio of 
stress to strain (Young’s modulus) is independent of 
time. However, if a similar sinusoidal stress is ap- 
plied to a viscoelastic material such as natural rubber, 
one observes a “delay” or “lag” in the strain. This 
delay comes from the viscous behavior. The strain 
now is of the form, « ), where ¢ 
may be called the “angle of lag” or the “phase angk 
between stress and strain.” 

This lag may be visualized from Fig 1. The ratio 
of stress to strain is a function of time here and a 
single number can no longer suffice to describe 
behavior of the material. However, if ¢ (or some 
function of ¢) is specified in addition to the ratio 
of peak stress to peak strain, a diagram like Fig | 


= € Cos (wt — 


I—DYNAMIC MECHANICAL-PROPERTY RANGES 
FOR SOME COMMON STRUCTURAL MATERIALS 
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may be constructed for given conditions, ‘This thes« 
two quantities can be used to establish the required 
relation between stress and strain. 

For sinusoidally oscillating systems it is usuaNy 
convenient to: (1) use complex notation (replacing 
cos wt by the real part of e““‘); (2) perform calcula- 
tions in the complex domain; and (3) use only the 
real part of all time<lependent complex quantities 
to obtain the final results. This scheme has the 
advantage of algebraic simplicity and of permitting 
simple representation of certain quantities as com 
plex numbers. For example, for a stress of s = s,e**’ 
and strain e = «,e*** corresponding to the previ 
ous discussion, a complex Young’s modulus may now 
be defined. 

E®* = s/e = ec 8,/e. (1) 
Of course, E* is a complex number and may be 
written in terms of a real part E, (the storage modu- 
lus) and an imaginary part E, (the loss modulus 
E* = FE, + iE, = E, (1 + #8) (2 
where 8 = E,/E, = tan ¢ (3) 
is called the “loss factor associated with Young's 
modulus”. The term “loss factor” is used because 
it can be shown that energy losses are closely related 
to B. 

The loss factor 8 of a material is a direct measure 

of its energy dissipation or vibration<lamping ca- 


pacity. For a bar made of a single material, this loss 
factor is related to the quality factor O, the reso- 
nance amplification factor A,, the logarithmic decre- 
ment 6, and to the ratio c/c. of damping to critical 
viscous damping of the bar (in absence of external 
energy losses) as follows 

B= 1/0 = 1/A, é/nx 20 /Ce (4) 


when £ is not too large. Somewhat more compli- 
cated expressions apply for a large B (say, 8 > 0.3). 

Although normal stresses were implied in the 
previous discussion, shear stresses might have been 
used as well. For these, one similarly obtains a 
complex shear modulus 

G* = G, + iG, = G, (1 + 78) 5 
The interrelation of these various quantities in the 
complex plane is shown in Fig 2. 

A rough comparison of the dynamic elastic prop 
erties of various groups of common structural mate- 
rials appears in Table I. ‘The wide range of proper 
ties for rubbers and plastics makes these materials a 
logical source for energy-<lissipation applications. 
Width of the properties range is due only partly 
to the wide choice of available materials; the vari 
ation of properties of a single material with fre 
quency and temperature also accounts for a con- 
siderable portion of this range—as is shown below. 


HOW DO THEY BEHAVE? 


It’s logical to expect the dynamic properties of 
materials in general, and of viscoelastic materials in 
particular, to depend on a number of variables: fre 





Two methods of displaying dynamic mechanical-property data 


Loss factor, 

















3... ISOMETRIC GRAPHS, like these 
for a polyester plastic (material No. 9 in 
Table II, p 54), give a good feel for varia- 
tions of loss factor 8 and modulus G; with 
temperature and frequency, and how 
changes in material content would shift 
properties. Main drawbacks: values can- 
not be easily read from 3-D plots, and 
usually data are not complete enough to 
draw them. 


quency and amplitude of stress and/or strain (fre- 
quency, of course, being directly related to strain 
and stress rate), temperature, loading history (pre- 
loading), and the general mean state of stress of the 
material. For viscoelastic materials it turns out that 
all of these tend to be important under certain 
conditions. For example, the state of compression 
of rubber in “rubber-in-shear” vibration-mounts 
strongly influences the mounts’ behavior. Also, for 
most materials, one may expect increases in stiff 


ness and in loss factor when amplitudes are large 


enough—an amplitude dependence. 


Loss factor, B 


7 
7 ° 
7) 
a =< 
£ @ 
© a 
Ww = 
J o 
> ” 
3 2 
> 
~ 3 
u 
° E 
@ 
= = 
So 
“ ® 
x= 
w” 


10 oo." * sogo* ° 
Frequency, cps 


4.. MULTIPLE GRAPHS, shown here 
for same polyester, allow reasonable 
visualization and permit reading data if 
operating temperature corresponds to 
the test temperature. However, inter- 
polation can be difficult. Curves here in- 
dicate a “regular” material (without 
multiple peaks of loss factor 8). Shape 
dissimilarities from curve-to-curve, or 
double-peaks in any one curve, usually 
indicate a viscoelastic material of com- 
plex behavior. 


10,000 


Fortunately, however, in many practical applica- 
tions the stress states in viscoelastic materials are 
essentially one-dimensional, and preloading and am- 
plitude effects can be neglected. Many viscoelastic 
materials, in fact, exhibit no amplitude effects for 
strains as large as unity. Frequency and tempera- 
ture then are the most significant parameters, and 
our discussion will be limited to these two effects. 

Since most of the known information about the 
dynamic properties of materials deals essentially 
with amorphous plastics, the following discussion 


text continued, page 48 
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How dynamic mechanical properties are determined 


@ In all methods capable of experimentally determin- 
ing dynamic mechanical properties over a continuous 
band of frequencies, a forced vibration is applied to a 
sample of the material, appropriately supported. The 
relation between dynamic stress and dynamic strain is 
then measured. The test apparatus can be designed to 
load the sample dynamically in tension, compression, 
shear, or a combination of these. Stress and strain may 
be the observed variables; however, any other variable 
will suffice if it is easily related to the modulus of the 
material (or its “compliance,” the reciprocal of modu- 
lus), such as deflection of a beam. 

Ideally, a test device should permit analysis over 
a wide range of sample loading rates (frequencies). 
This suggests the loudspeaker principle, a system that 
permits precise design with uniform and predictable 
frequency response. The Fitzgerald apparatus, made 
by the Chesapeake Instrument Corp, is one of the most 
highly developed of such devices and can be used for 
dynamic analysis of damping materials over a frequency 
range of 25 to 5,000 cps. How this apparatus works 
can be seen from an examination of the transducer, 
pictured and sketched on this page. 

Two coils, placed in separate, radial magnetic fields, 
are mechanically coupled to each other and to the 
sample material by being wrapped on a rigid light- 
weight metal tube. This tube is suspended by wires 
so that it can move only in an axial direction, impeded 
only by the sample—which is also attached to a heavy, 
suspended mass in such a way that motion of the tube 
puts the sample in shear. The coils are isolated from 
each other electrically and magnetically. 

An alternating current I flowing through either coil 
interacts with the magnetic field to produce an alter- 
nating axial force F on the coil-and-tube arrangement, 
setting up an oscillation of the tube proportional to the 
complex shear compliance (reciprocal of complex shear 
modulus G*, Eq 5). When the coils vibrate in the 
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magnetic field, a voltage E is set up which is propor- 
tional to tube velocity V, and this, in turn, is related 
to the complex shear compliance of the sample. 

Measurement of Ek and I gives an electrical imped- 
ance (E/I) which i: related to the mechanical im- 
pedance (F/V) of the system. The complex shear 
modulus is calculated from the mechanical impedance 
For practical design work, the complex modulus G* 
is broken down into the real (storage) modulus Gi, 
and loss factor 8, the tangent of the phase angle ¢. 

Modulus data presented in this article are for shear- 
modulus Gi, related to tensile modulus E; by Poisson's 
ratio » as follows: Gi = E,/2(1 +- «). Poisson’s ratio 
for high-damping materials is near 0.5 so the real ten- 
sile modulus is about three times the real shear modu- 
lus. Hence, to obtain values of E: from the data in 
this article, multiply the listed G; values by 3. In re- 
gions of high loss, the values of loss factor 8 in exten- 
sion and shear are equal for all practical purposes. 

Beyond finding the damping properties of materials, 
dynamic measurements of this sort have other uses, 
among which are: (1) predicting electrical properties 
from mechanical properties, (2) checking effects of 
radiation on viscoelastic materials, and (3) estimating 
the behavior of material under flow, as in the extrusion 
process. @ 





is centered about these materials. Some of this 
information can be extrapolated also to other, more 
crystalline materials without a great deal of difficulty, 
particularly if the underlying molecular mechanisms 
are understood. 


Molecular structure provides the key 


A qualitative feeling for the temperature- and 
frequency<dependence of the dynamic mechanical 
properties can be obtained by considering these 
properties in terms of the associated molecular mo- 
tions. In a linear amorphous plastic, the deforma- 
tions occurring under the action of applied stress 
come from motion of “segments” of the long-chain 
molecules. ‘These motions may consist of coiling 
and uncoiling of the chains or of any general change 
of configuration. Such changes require a finite time, 
and are delayed or “retarded” by intermolecular and 
intra-segmental forces. 

Frequency effect. If a stress is applied at low 
frequency, the delayed response of the segments 
occurs within time intervals that are small com- 
paved to the period of the stress reversals. Near- 
equilibrium is therefore obtained at all times. How- 
ever, if the frequency of the applied stress is 
increased, eventually the segmental motions can no 
longer take place in the time within which the stress 


reverses. These internal motions then no longer 
“keep up’ ’ with the stress reversals and the material 
deforms less. This is why, as frequency of the ap- 
plied stress increases, we find regions where the 
material stiffness (modulus) increases markedly. Such 
regions may clearly be seen in the modulus plots 
of Fig 3 and 4 (page 46), for a polyester resin. 

Energy losses occur in a viscoelastic material 
because of the displacement of molecular segments 
against opposing molecular forces that results when 
the strain (displacement) is not in phase with stress. 
For a given stress amplitude, the energy loss per 
cycle is known to be proportional to the strain 
amplitude and to the sine of the phase angle be- 
tween stress and strain. Hence at low frequencies, 
where the phase angle is small, the energy loss is 
also small. Similarly, the energy loss is small at 
high frequencies where the strain amplitude itself 
is small (because it cannot keep up with stress 
reversals). The highest energy dissipation thus 
occurs at some intermediate frequency range, where 
both the phase angle and the strain amplitudes 
assume relatively large values. This fact is also 
brought out by the subsequent description of meas- 
ured data. 


Temperature effect. We have not discussed tem- 
perature yet; constant temperature was tacitly im- 


WORKING EXAMPLES 


@ The damping-materials data in this article can be used to 
answer two kinds of materials-selection questions: (1) What 
material will do a given job best? (2) What are the applica- 
tions for a given material? The following examples indicate 
such choices made purely on the basis of dynamic properties. 
Other pertinent information on such factors as cost, availabil- 
ity, ease of installation, flammability, toxicity, etc., must be 
obtained from the materials suppliers. 


EXAMPLE 1: Select a material to be used as the visco- 
elastic interlayer in an instrument housing of damped sand- 
wich construction. The instrument is to be used in boiler 
rooms wher: its temperature will be 40 to 50 C (105 to 
120 F) and where it will be subjected to forcing frequencies 
of 600 to 1000 cps. 

Solution: Examination of all the contour plots for the 
temperature range and frequency range specified gives the 
following average values of loss factor 6 for suitable materials 
(use a paper templet with a rectangular hole sized to the 
temperature-frequency area specified): 

No. Material 

8 Plasticized PVC 

] Plasticized PVA 

3 Polyisobutylene 
14 Filled rubber 
16 Aquaplas 
12 Nitrile rubber 
10 Polytetrafluoroethylene 

Thus, from a purely damping standpoint, plasticized PVC is 
the best choice, with plasticized PVA and polyisobutylene as 


second choice. Table II lists the numbers of bibliographic 
references to these materials in “For More Information”, p 56, 
where further details on source and composition will be found. 
Table II also lists an average modulus value which may be 
used to establish the required thicknesses (sce “Damping 
Tapes for Vibration Control,” PE—Jan 25 "60, p 57). 

To widen the choice of materials, Table III could be used 
in this example, in addition to the contour plots, if the speci- 
fied frequency range was lower; Table IV would apply if the 
operating-temperature range was closer to room temperature. 
Note that by starting with Table II, rather than the contour 
plots, only plasticized PVC and Aquaplas would have appeared 
as obvious choices. 


EXAMPLE 2: Given resin as a base for a wide 
variety of glass fiber-reinforced structural shapes, what do the 
ae ee 


Solution: In contour plot No. 9, the loss-factor data is 
regular and can be extrapolated with some confidence as shown 
by the dashed lines. This plot shows the material can provide 
large amounts of damping at frequencies from 1 to 10,000 cps 
in the temperature range between 80 and 130 C. This suggests 
damping uses in or near such wide-band, high- temperature 
sources of vibration as internal combustion engines, space 
re-entry vehicles, or hot-air heating units. Concurrent struc- 
tural use of the material would depend on its modulus at 
operating temperature. 3-D plot in Fig 3 shows modulus 
drops off prohibitively above about 80 C, except at very high 
frequencies. Glass reinforcement retards fall-off, however. @ 
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CONTOUR PLOTS FOR HIGH-DAMPING MATERIALS 


(Heavy contour lines represent high damping values; light lines 
represent lower values. Contour numbers give value of loss factor.) 
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plied. However, because increased temperature 
increases mobility of molecules, its effects can 
be readily assessed. At higher temperatures the 
molecular chain motions, being less restricted, can 
keep up better with the applied reversed stresses. 
Stiffening of the material and maximum energy 
losses then occur at higher frequencies. The de- 
pendence of the dynamic mechanical properties on 
beth frequency and temperature may readily be 
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visualized by means of Fig. 3. ‘These isometric graphs 
also give some idea of the “temperature-frequency 
equivalence” often mentioned in technical literature. 
This equivalence points out that a given increase 
in frequency at constant temperature produces the 
same change in the dynamic elastic properties of a 
given material as does a certain decrease in tempera- 
ture at constant frequency. For amorphous plastics 
a good approximation is a decrease of 5 to 7 deg C 





CONTOUR PLOTS FOR HIGH-DAMPING MATERIALS 
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has the same effect as an increase in frequency by 
10 times. Greater shifts occur at higher frequencies. 

Effect of constituents. Molecular considerations 
permit some prediction here too. Constituent 
changes may take the form of changed plasticizer 
and/or filler content, copolymerization, or polyblend- 
ing. The addition of plasticizer (essentially diluting 
the polymer with an organic liquid) increases the 
chain mobility and softness of a material, so that 


increased plasticizer content has somewhat the 
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same lowering effect on stiffness as does increased 
temperature at all frequencies. 

Looking at the 3-dimensional plots of Tig 3, this 
means that the modulus surface and loss-factor sur- 
face are, in effect, shifted toward lower temperatures. 
Stiffness at a given temperature and frequency thus 
decreases somewhat. Loss factor drops, too, prob- 
ably because adding plasticizer reduces the amount 
of viscoelastic material in the specimen. 

A filler (a polymerically inert material), on the 
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(Heavy contour lines represent high damping values, light lines 
represent lower values. Contour numbers give value of loss factor.) 
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other hand, may be expected to have little effect on 
the temperature- and frequency-changes in proper- 
ties of the viscoelastic material, since a filler does 
not act chemically on the polymer chains and so does 
not affect their mobility markedly. There is con- 
sequently little or no translation of the modulus 
surface or loss-factor surface. A filler serves mainly 
tc replace some viscoclastic material by non-visco- 
clastic material; increased filler content thus de- 
creases the total-loss factor somewhat and changes 
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the stiffness at all frequencies by some amount which 
depends on stiffness and proportion of the filler 
material. Copolymerization (the linking of two 
polymeric materials) and polyblending (the mechani 
cal mixing of two polymers) result in materials with 
properties intermediate to those of the two basic 
polymers, though the effect is more pronounced 
for copolymers. 

Effects of other parameters. An_ increase 
crystallinity (a decrease in randomness of the molec- 


in 
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ular chain arrangements) generally strengthens the 
inter-chain forces. Cross-linking (joining of amor- 
phous chains at intervals along their lengths) has 
the same result. So it should not be too surprising 
that increases in either one or both of these param- 
eters result in materials that are stiffer and that 
have their loss-factor maxima and rapid modulus 
changes at lower frequencies or higher temperatures. 

The degree of polymerization of a material and 
the distribution of its molecular weight may also 
influence its dynamic mechanical properties. ‘The 
effects of these two variables are not quite so easil; 
explained and are only partly understood. However, 
it is known that the effects are relatively small for 
high polymers. 


CAN VISCOELASTICS BE TAILORED? 


As suggested by the previous section on behavior, 
viscoelastic materials may virtually be made to order 
by proper selection and compounding of polymers, 
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plasticizers, and fillers. Polymer designers have 
studied some of these things in considerable detail, 
and often can predict quantitatively what a certain 
modification of a material will do to its mechanical 
properties. 

For example, since the addition of plasticizer to 
a given polymer serves to shift the G, and 8 sur- 
faces, adjustment of plasticizer content provides a 
convenient way to adjust the region of maximum 
damping to the desired temperature and frequency 
ranges. ‘This translation, however, does not occur 
entirely without distortion. 

Or take fillers. Adding a filler shifts the G, and B 
surfaces of Fig 3 only very little with respect to the 
frequency and temperature axes, but it does lower 
the loss factor and change modulus. Details of these 
changes depend on the moduli and on the amount 
of filler added: a stiff filler may stiffen the material, 
and a soft filler may soften it; if the filler itself is 
viscoelastic, its losses may make themselves appar- 
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(Heavy contour lines represent high damping values, light lines 
represent lower values. Contour numbers give value of loss factor.) 
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cnt in addition to those of the basic material. ‘Thus, 
the addition of filler provides a relatively convenient 
way to adjust magnitudes of the stiffness of the 
material without affecting temperature and fre- 
quency dependences much. 


WHAT ARE THEIR PROPERTIES? 


Presentation of data on the dynamic mechanical 
properties of viscoelastic materials is complicated 
by the fact that the properties depend on frequency 
and temperature. Isometric graphs like those of 
Fig 3 are extremely useful for purposes of visualli- 
zation, but usually cannot be made to yield good 
quantitative information. Multiple graphs like those 
of Fig 4, on the other hand, are sufficient for most 
quantitative purposes, and are also reasonably ade 
quate for visualization. ‘The curves are of constant 
temperature; Fig 4 may, in fact, be considered a pro- 
jection of a number of constant-temperature pro- 
files from Fig 3 onto a single plane. 
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Nitrile rubber 


Filled rubber| (\4) 


But there is a better scheme. For damping ot 
encrgy-dissipation purposes, we must select or design 
a material where the region of large £ corresponds 
to the region of intended use. ‘Thus, some descrip- 
tion of the frequency-and-temperature location of the 
region of high loss factor may suffice to characterize 
a given material. 

Based on this idea, a relatively convenient method 
of presenting viscoelastic materials data consists of 
plotting, for every material considered, contours of 
constant loss factor 8 in the frequency-temperature 
plane, and of listing an average value for the shear 
modulus G, (or tensile modulus E,) that applies 
in the region of highest loss factor. A single value 
of E, or G, can characterize a material fairly well 
because the elastic moduli E, or G, change rela 
tively little along the contour of highest damping. 

Tables II, III, and IV, along with the contour 
plots, represent a damping-materials catalog based 
on this data-presentation scheme. The catalog, a 





1I—DYNAMIC-PROPERTY DATA FOR WIDE RANGE OF TEMPERATURE AND FREQUENCY 





(summarizes most useful data from the contour plots) 





Bmax 


Max loss factor, 


Shear t 
Modulus G, 
at Bmax, psi 


Position of Smax Reference 


freq., cps temp, °C 
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23 5,800 

60 10,100 
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22 33,300 

43,500 

40 24,200 








| To get tensile modulus E:, multiply G: figures by 3. 


I1I—DYNAMIC-PROPERTY DATA AVAILABLE AT LOW FREQUENCIES ONLY 





(contour plots not yet available for these materials) 





Max loss 
factor, Temp range, °C Freq., 
Bmax (for 8>0.75 8max) cps 


Test Shear t 
Modulus G; Reference 
at Bmax, psi Nos. 
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To get tensile modulus E;, multiply G: figures by 3. 


compilation of information amassed from available 
literature, is arranged in three sections: 


1. Where enough data are available to describe 
behavior of the material over reasonably wide ranges 
of frequency and temperature, these data are pre- 
sented in terms of constant B contours in the fre- 
quency-temperature plane, with modulus G, data 
listed separately in Table II]. Only materials with 
relatively high damping are considered. 

2. For materials whose data are available only fot 
low frequencies, the maximum low-frequency loss 
factor and its corresponding modulus and frequency 
are tabulated in Table III. For design purposes, a 
temperature range is given within which the loss 
factor is at least three-quarters of its maximum value. 


3. Where only room-temperature data are avail- 
able these are extracted in tabular form in Table 
IV, with loss-factor data over a wide frequency range 
given, in addition to maximum loss factor and its 
corresponding modulus G,. 


SOME LIMITATIONS 


Several important qualifications and limitations 
should govern use of the information (see “Working 
Examples,” p 48) given in this materials catalog: 


First, many of the constant 8 contours are incom 
plete because of lack of data. Hlowever, existing 
contours can be extrapolated with some confidence 

i ] 


if the sort of trends that occur in Fig 3 are kept 
in mind. The contour plot for a polyester (material 
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IV—DYNAMIC-PROPERTY DATA AVAILABLE AT ROOM TEMPERATURE ONLY 





(contour plots not yet available for these materials) 





Fre- 


quency |Loss factor at five frequencies (cps): 


Shear ft 
Modulus G, 
at smax, 
psi 
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| To get tensile modulus E;, multiply G; figures by 3. 


No. 9 in Table II 


has been extended this way. 


Second, Fig 3 is an over-simplification; there are 


probably more wiggles and secondary maxima in 
the surfaces representing these functions for most 
materials. This is particularly true of crystalline o1 
partially crystalline materials, where several secondary 
regions have 


maxima and “resonance-dispersion” 


been observed in areas removed from the primar 
damping maximum. 


Third, keep in mind that relativel ight chang 
in material composition can have considerable ef 
fects on the dynamic elastic properties and on their 
temperature and frequency dependencs 


Fourth, these data concentrate on the high-damp 


ing regions of the loss factor tempcerature-frequenc' 
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relationship. Care should therefore be exercised in 
selecting materials from this catalog for low-energy 
dissipation or nondissipation purposes. Such mate- 
rials should be selected so that operating conditions 
correspond to one of the nearly flat plateau regions 
Because these regions are removed 
the fringes 


of modulus G 
from maximum loss factor, they are on 
of the contour plots given here. 

Fifth, space 
tailed compositions and treatments of 
However, literature references given in each tabula 
tion are listed in the bibliography, so that additional 
information may be obtained from the original sourc 
for materials of particular interest 


limitations required omitting 
material 








HIGH-DAMPING MATERIALS. continued 


FOR MORE INFORMATION 


® Data for Tables II, III, and IV and for the contour plots 
were drawn from the sources listed below. Reference numbers 
correspond to those given in the tables. With each reference 
is a brief summary of its contents. The 19 references listed 
here have been selected from a voluminous bibliography in 
this field and cover, in addition to the materials property data: 
methods of test, concepts of viscoelastic damping methods of 
calculation, and applications to specific problems like vibra- 
tion isolators. 

1. Becker, G. W. and H. Oberst, “Uber das dynamisch- 
elastische Verhalten linearer, vernetzter und gefiillter Kunst- 
stoffe”, Kolloid Zeitschrift, Vol. 148, Nos. 1-2, pp 6-16 
(1956)—Arranges plastic into linear, cross linked and filled 
classes. Data on a number of materials. 

2. Cook, E. J., J. A. Lee, E. R. Fitzgerald, and J. W. 
Fitzgerald, “Dynamic Mechanical Properties of Materials for 
Noise and Vibration Control,” Chesapeake Instrument Co., 
Shadyside, Md., Report No. 101 (1 Jan 1960), Contract 
No. NOnr-2678 (00). Summary of concepts of complex 
dynamic moduli and compliances; compilation of some mate- 
rial data. A continuation of reference 5. 

3. Ferry, J. D., W. C. Child, R. Zand, D. M. Stern, M. L. 
Williams, and R. F. Landel, “Dynamic Mechanical Proper- 
ties of Polyethyl Methacrylate,” J. Coll. Sci., Vol. 12, No. 1, 
pp 53-67 (Feb. 1957)—Data obtained by Fitzgerald Appa- 
ratus, 24-2400 cps, 75°-155°C for two molecular weights. 

4. Ferry, J. D., E. R. Fitzgerald, L. D. Grandine, Jr., 
and M. L, Williams, “Temperature Dependence of Dynamic 
Properties of Elastomers; Relaxation Distributions,” Ind. Eng. 
Chem., Vol. 44, pp 703-706 (1952)—Discusses temperature- 
frequency equivalence, introduces method of reduced variables. 

5. Fitzgerald, E. R., J. W. Fitzgerald, and A. E. Wood- 
ward, “Dynamic Mechanical Properties of Plastic Materials,” 
Chesapeake Instrument Co., Shadyside, Md., Final Report 
(1 June 1959) Contract No. NObs-72100. Summary of 
viscolastic wave propagation, concepts of complex moduli 
and compliances; data on several materials in wide tempera- 
ture and frequency ranges. 

6. Ivey, D. G., B. A. Mrowca, and E. Guth, “Propaga- 
tion of Ultrasonic Bulk Waves in High Polymers,” J. Appl. 
Phys., Vol 20, p 486 (1949)—Loss-factor data on vulcanized 
Hevea, GRS and butyl rubbers for —30 to 60°C, at 40 
ke-10 me. 

7. Lazan, B. J. and L. E. Goodman, “Material and Inter- 
face Damping,” Chapter 36 of Handbook of Shock and 
Vibration Control, C. Harris and C. Crede, Ed., McGraw- 
Hill Book Co., Inc. (to be published August 1961 )—Authori- 
tative summary on various phases of damping, including 
viscoelastic. 

8. Morris, R. E., R. R. James, and C. W. Guyton, “A 
New Method for Determining the Dynamic Mechanical 
Properties of Rubber,” Rubber Age, Vol. 78, pp. 725-730 
(Feb 1956)—Double Transducer apparatus for impedance 
measurements. Data on nitrile and natural rubber 0-1400 cps. 


9. Nolle, A. W., “Dynamic Mechanical Properties of 
Rubberlike Materials,” J. Polymer. Sci., Vol. 5, No. 1, pp 
1-54 (1950)—List of measurement methods; data on natural, 
buna N, butyl, neoprene, GRS rubbers. 

10. Nolle, A. W., “Methods for Measuring Dynamic 
Mechanical Properties of Rubberlike Materials,” J. Appl. 
Phys., Vol. 19, No. 8 pp 753-774, (Aug 1948)—Discusses 
5 test methods for 10~ to 10° cps. Gives equations applicable 
to each. Shows G = E/3 in dispersion region. Defines 
dynamic elastic properties. Extensive bibliography. 

11. Oberst, H., “Werkstoffe mit extrem hoher innerer 
Dampfung,” Acustica, Vol. 6, Beiheft 1, pp 144-153 (1956)— 
Excellent introduction to the viscoelastic damping field, very 
comprehensive bibliography. Shows how to tailor high 
polymers for damping use. 

12. Philipoff, W., “Mechanical Investigations of Elastomers 
in a Wide Range of Frequencies,” J. Appl. Phys., Vol. 24, 
No. 6 pp 685-689 (June 1953)—Use of a shear vibrometer 
10° to 1 eps; data on a few types of rubber. 

13. Rorden, H. C., and A. Grieco, “Measurement of 
Dynamic Internal Dissipation and Elasticity of Soft Plastics,” 
]. Appl. Phys., Vol. 22, pp 842-845 (June 1951)—Pendulum 
and tuning fork shear impedance measurements. Room tem- 
perature data on Pyrelin, Koroseal, Keldur, Thiokol, gum 
rubber, Polyvinyl Butyrol. 

14. Schmieder, K. and K. Wolf, “Mechanische rg 
serscheinungen in Hochpolymeren,” Kolloid Z., Vol. ; 
pp 149-180 (1953)—Low frequency data on several high 
polymers for —190° to +100°C. Extensive bibliography. 

15. Snowdon, J. C., “Reduction of the Response to Vibra- 
tion of Structures Possessing Finite Mechanical Impedance, 
Part I,” Willow Run Laboratories, U of Michigan, Ann Arbor, 
Technical Rept. No. 2892-4-T, (November 1959)—Same as 
reference 16; review of dynamic mechanical properties of 
rubber-like materials. 

16. Snowdon, J. C., “Reduction of the Response to Vibra- 
tion of Structures Possessing Finite Mechanical Impedance, 
Part II,” Willow Run Laboratories, U of Michigan, Ann 
Arbor, Technical Rept. No. 2892-6-T, (January 1960)—Use 
of viscoelastic rubber in design of better vibration mountings. 

17. Snowdown, J. C., “Choice of Resilient Materials for 
Anti-Vibration Mountings,” Brit. J]. Appl. Phys., Vol. 9, 
No. 12, pp 461-9, (December 1958)—Criteria for good 
vibration mount material; desired damping vs. frequency char- 
acteristic 


18. Williams, M. L., R. F. Landel, and J. D. Ferry, “The 


Temperature of Relaxation Mechanisms in 
Amorphous Polymers and other Glass-forming Liquids,” J. 
Amer. Chem. Soc., Vol. 77, p 3701 (1955)—Method of re- 
duced variables. 

19. Zapas, L. J., S. L. Shuffler, and T. W. DeWitt, “A 
Comparison of the Dynamic Properties of Natural Rubber 
and GR-S,” J. Polymer. Sci., Vol. 18, pp 245-256 (1955)— 
Data at 10° to 1 ops, —40 to +65°C. & 


For REPRINT of above article, just check 
600 on one of the Reader Service cards 
bound in this issue. 


EDITOR’S NOTE: Other articles 
that also cover vibration-control tech- 
niques include the following: 
Damping Tapes for Vibration Con- 
trol, Jan 25 60, p 57—A cheap, reli- 
able, and lightweight way to dissipate 
excess vibratory energy — keeping 
resonance stresses low. Basic equa- 
tions and sample problem show how. 


56 


Dry-friction Damped Isolators, Aug 
3°59, p 48—Curves compare this type 
with better-known viscous isolators; 
new equations predict vibration- 
transmissibility characteristics of 
dry-friction type. 

Rubber Vibration Isolators, July 
"57, p 140—New method of analysis 
predicts performance by accounting 
for creep of visco-elastic materials. 

Manganese-Copper High-damping 
Alloys, May ’56, p 135—Presents me- 
chanical properties, fabrication char- 


acteristics, and potential applications 
of alloys having the unusual combina- 
tion of high tensile strength and high 
damping capacity. 

Damping Capacity of Materials, 
Nov ’54, p 164 — Inherent damping 
capacity of structural materials is an 
important means of limiting resonant 
stresses and amplitudes of vibration. 
Article compares basic materials, 
shows how to build damping into 
uniformly and nonuniformly stressed 
members. —Ford Park 
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One-shot 
photocopier 
rushes 
duplicates 


| PRODUCT DESIGNS 


t 
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The first completely automatic copying machine turns self on, 


makes exposure, peels away negative, trims positive, 


delivers developed print and turns self off— 


all in just 23 seconds. Reserve tank refills developer supply. 


The wide market for office cenvenience-copying equip 
ment and supplies has developed in only 10 vears to an 
nual sales of more than $250 million in 1959—and most 
observers estimate its full potential is in the billions. 
Ozalid Div, General Aniline and Film Corp, Johnson 
City, NY, long a producer of equipment and supplies 
for the diazo copying processes familiar in engineering 
departments, noted two years ago that its products were 
tending closer and closer to the photographic in terms 
of both the process itself and reproduction quality. 
Ozalid decided to develop a photocopying machine for 
this high-potential market, but realized it had to over- 
come its late start by offering equipment that was radi- 
cally different. The goal selected was completely auto- 
matic operation, a machine that would eliminate the 
secondary paper-handling usually required to produce 
a finished copy. Up to now, the process has required 
feeding the machine with a sandwich made of the origi- 
nal and a sheet of sensitized paper. Some machines then 
deliver a copy and the original, but many others produce 
a negative which must be sandwiched with a positive 
sheet, developed and peeled apart. Alignment of the 
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various sheets, developing, and time between developing 
and peeling all affect quality of the finished copy and 
a large wastepaper baskct is usually an essential acces 
sory. Ozalid’s copy machine produces automatically: the 
original is slipped into the unit and the finished copy is 
delivered ready for use. 

The new machine has been designed for an application 
of interest to engineering and other offices already 
equipped with Ozalid’s standard diazo equipment: mul- 
tiple copies can be made by making a translucent nega- 
tive in the new machine. This negative can then be 
used to make copies in conventional diazo equipment, at 
a cost of about 1¢ a copy compared with 8¢ per sheet 
in office photocopy equipment and paper. 

Price was important with the new Ozalid machine: 
despite its more expensive, all-automatic character, the 
price could not be more than $100 over that of the 
highest price semiautomatic on the market. This created 
several engineering design problems, in terms of cost 
limitations on developing the complex components re- 
quired for automatic operation. 


continued, next page 
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COPIER TURNS ON when original is veloper rolls. Negative and positive 
inserted. Leading edge activates the are squeezed together and held in 
unit by tripping control switches for contact as they travel through the 
both positive and negative paper. The image-transfer area. When the leading 
positive-paper control switch energizes edge of the positive paper reaches the 
a magnetic clutch in the storage-roll breaker bar, it continues straight up 
drive. The feed rolls pick up the through the feed-out rolls. The breaker 
original and pass it to the exposure bar peels the negative paper away 
section. Original and negative are in from the positive as it is rewound on 
contact as they pass slit in the lamp the negative takeup roll. When the 
housing. Original then continues trailing edge of the copy clears the 
around the exposure roll and is dis- feed-out switch, the machine shuts off. 
charged at front of the unit. When Slit in the 14-w fluorescent-lamp en- 
trailing edge of the original clears the closure is wider at ends to balance 
positive-paper control switch, it trips exposure intensity. Output at ends is 
the solenoid-actuated knife which ro weaker so slit is wider to compensate. 


tates 45°, cutting off the positive paper 
and disengaging the paper-feed clutch. 

The image on the negative paper 
meets the leading edge of the positive 
paper at the contact point of the de- 


Roll of silver halide negative paper 
is enclosed in light-tight box. Slit in 
this roll 36 in. from the end trips 
switch to sound an audible alarm when 
paper is exhausted. 


The role of the industrial designer was larger in the 
development of this machine than in most Ozalid prod- 
ucts, which usually go into a behind-the-scenes print 
room or other such production area. New convenience 
copier had to be suitable in an office containing other 
equipment, of modern styling. Size was also important 
—it would have to compete for available desk or table 
space. 

The engineers first showed the machine-in-develop- 
ment to Ozalid’s staff industrial designer when they had 
a rough working prototype completed. All working 
components had to be completely accessible and such 


parts as the developer tray had to be removable for clean- 
ing. Electrical components such as the control box, 
motors and switching gear had to be easily replaceable. 
This meant that housing the machine was mainly a 
question of where to break it between top and bottom 
covers, where to hinge it for accessibility. The bezel 
was made a separate entity because the machine was to 
be distributed by dealers whose own company names 
might need to be incorporated in the front panel. A 
bezel separate from the all-plastic case was selected so 
that the other nameplates would not require retooling 
the case for each supplier. 
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Print teed* 


ime A 


ACCESSIBILITY was a prime design 
consideration; it allows operator to 
replenish developer and paper or make 
repairs. One-piece plastic top is hinged 
at rear, flips up to expose entire mech- 
anism. Developer tray and paper rolls 
slide out for cleaning. Upright air- 
tight tank, which hangs on the right- 
hand side of the unit, supplies fresh 
developer to replace that removed 
from the tray during processing. Solu- 
tion flows into developer tray through 
the feed line whenever fluid level drops 
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below the vent line. When the fluid 
covers the vent, air to the supply tank 
is cut off and fluid flow stops. Tank 
is refilled by turning it on its side and 
pouring fluid into developer tray. 

Flexible toothed driving belts syn- 
chronize the paper drives. Two belts 
drive all paper-handling rolls and roll- 
ers from a single drive motor; a 
rotary solenoid is used for positive- 
paper cutoff. Spring clutch on nega- 
tive-paper takeup drive keeps web 
tension constant. 


ra 


Construction is simplified by using 
two side plates joined by the aluminum 
extrusions that guide the moving 
paper. All extrusions were designed 
to be fastened to the side plate by 
self-tapping Paper-handling 
mechanisms were located between side 
plates but all driving mechanisms were 
mounted outside the plates for easy 
access. Large kidney-shape 
on side plates allow lamp housing to 
be pivoted clear for replacement of it 
fluorescent bulb. 


Screws. 


opening 





how to 


ANALYZE DEFLECTION OF 


SLEEVED SHAFTS 


Here is a practical method that takes composite-beam 
theory a step further... it includes the effect of interference fits. 


T V DUGGAN, design engineer, Aero Div, Rolls-Royce Ltd, Manchester, Eng 


WWhen sleeves and stepped shafts are assembled with 
interference fits, calculating the deflection in the shaft 
can be very complicated. Such calculation is particu- 
larly important where it is necessary to consider critical 
speeds and natural frequencies, and as explained in the 
box at right, many applications require a practical method 
that allows for stiffening of the shaft caused by the inter- 
ference fit. 

To meet the need, two completely different approaches 
to the problem have been developed. ‘The first is the 
classical method, involving precise solution of differential 
equations. It is based on the idea of change in shaft 
length. The second, developed here, offers a reasonably 
accurate solution with much less effort. It is based on 
what might be called the restraint of strain. 


Restraint-of-strain principle 


Three sketches show how this idea works. In Fig 
2(A) a unit cube with a single stress f, causes deformation 


SYMBOLS 
E — Young’s modulus of elasticity (£; for shaft, E, for 
dead 


e — Unit strain = z/L 
fi: — Unit stress caused by simple bending, psi 
J, — Interference stress, psi 


I — Moment of inertia of shaft section (subscripts 
identify sections) number of in.‘ 


L — Shaft length, in. 
M — Bending moment, in.-lb 
m — Ratio E,/E, 
R — Sleeve radius, in. 
r — Shaft radius, in. 
' T — End reaction, lb 
x ~~ Deformation, in. 
W — Total load on shaft, Ib 
a — Ratio of unit strains with and without interference 
stress ( — 
ec 
5 — Radial interference between sleeve and shaft, in. 
\ — Poisson’s ratio — 0.3 for steel shaft 





COMPOSITE-BEAM THEORY WITH CRITICAL SPEEDS 


@ The deflection in stepped shafts caused by the inter- 
ference fit with the sleeve is important if critical speeds 
are involved. The problem can be simplified by assuming 
the sleeve and shaft are integral and solving by analysis of 
composite beams. But the results may be misleading, 
allowing excessive deflection for the same load. This lowers 
the estimated natural frequency of the assembly, and may 
lead to machine failures. 

Where critical speeds and frequencies are unimpor- 
tant, one may ignore the stiffening effect of the sleeve 
and use it as an additional factor of safety. But this is 
not always feasible or economical; we then need a suit- 
able technique for analysis of deflection. 

The usual practice calls on composite-beam theory to 
divide the sleeved shaft, Fig 1(A) into sections. The 
section with the sleeve is replaced by a composite section 
with an equivalent moment of inertia as follows: 


Ie =Ip+ ml, 


which results in an equivalent shaft Fig 1(B). But this 
method does not take into consideration the stiffening 
of the shaft caused by the interference fit. & 
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UNIT CUBE UNDER SIMPLE STRESS (A) produces a 
greater strain than the complex stresses in (B). But in 


x, and unit strain ¢, = x,/L. This gives: 
E= hi/er 


In Fig 2(B), with a complex stress system, e, = x./L, 
but x. is less than x, and therefore e, is less than e,, so 


aE =fi/ee 


The value aE is greater than E, because e, is less than ¢,. 
This shows that by restraining the deformation in the 
direction of f, the value for the modulus has been in- 
creased in this direction, giving an apparent value aE. 

In Fig 2(C) a two-dimensional stress system produces 
similar results. ‘The only difference here is that stress 
f, is reversed in direction, giving greater deformation, Xs, 
in the direction of f, than in Fig 2(A) or (B). In this 
case e€, = x;/L. 

The significance of this for sleeved shafts is that if an 
additional compressive stress is introduced, the strain 
in the direction of f, will be greater than if f, acted alone, 
and the apparent value aE will be less than the true 
value E. 


Application of restraint of strain 


To use this idea in the equation for moment of inertia 
of a composite shaft, I, must incorporate the apparent 
value of the modulus, aE. In other words, the shaft stress 
caused by bending of the beam, and stress caused by the 
radial interference, must be taken into account. To 
illustrate this point further, consider Fig 3(A), a typical 
sleeved-shaft assembly with a cast iron sleeve and symmet- 
rical loading, which is usually cored to produce two mating 
surfaces for the shaft. The interference fit is achieved 
by freezing the shaft so that it contracts sufficiently to 
enter the sleeve. 

First determine the equivalent moment of inertia for 
the composite sections, Fig 3(B). For the center section 


text continued, next page 
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NAN 


(C), with two-dimensional stress system, strain is rela- 
tively larger because vertical stress is compressive. 





















































SHAFT WiTH CAST IRON SLEEVE (A) can typically 
be replaced with equivalent shaft (B). 





DEFLECTION 
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(“bridge portion”) it is evident that the sleeve will not 
bend to the same radius of curvature as the shaft section 
under it. Nevertheless, since the sleeve and shaft are rigidly 
connected at the mating surfaces, the error involved in 
assuming the composite-beam theory for this section will 
not be appreciable. On this basis the equivalent moment 
of inertia for this section is: 


| 
© 0 cnmmnned 6 quieeneE © . la le T ml v2 
TF a 


=29 6 in? : ng ‘ 
EI=2940 x 10% 1b ./in For the other two sections with interference fit between 
shaft and sleeve it is necessary to determine the apparent 
IN LAST STEP before calculatiing deflection, a shaft with moduli of the shaft, abs, alse. his oes dll apparent 
equivalent-uniform modulus of elasticity replaces the modulus ratio am = E./aE,,; am = E,/aE,, and from this 
shaft with discontinuous modulus. equivalent moments of inertia of the composite sections are: 
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le =1etamla 
dna Ila =Ie+amle 
The equivalent moment of inertia and apparent modulus 
of elasticity for each of the sleeve sections is indicated in 
Fig 3(B). The other sections shown are unaffected by the 
interference fit of the sleeve, and their analysis is con- 
sidered by the usual methods. 


Procedure for obtaining equivalent shaft 


The method described above can be summarized in the 
following eight steps: 

1. Calculate the equivalent inertia I,, 
portion of the assembly. 

2. Calculate the bending moment for each affected 
section, using usual methods. 

3. Calculate the stress caused by bending f, at cach 
seating, using the equation for simple bending: 

fi = (M/Dr 
where I is the equivalent moment of inertia (I, or I.) for 
each seating where sleeve fits. 

4. Calculate the strain caused by bending at each section 
(i.e. e, = f, E,). 

5. Calculate the interference stress f, for each section, 
using the following equation based on theory of thick 
cylinder (see Strength of Materials, S. Timoshenko, Vol II, 
p 210): 


for the bridge 


f. (E.6/2R*r) (R 
6. Determine the strain in the direction of the bending 
stress caused by the complex stress system. This can be 
done by using the general equation for strain in a two 
dimensional stress system described above, remembering 
that since f. is compressive, it must carry a negative sign 
(he general equation is: 
Ce (1/E f, — Xfo) 
Using e. from above, calculate the apparent modulus 
of elasticity for each section, aF,, or ak,. (i.e. aE f,/e 
8. Calculate the equivalent moment of inertia for each 
section, I,.. and I,,, using the modulus of elasticity from 
step 7 above. The deflection then can be calculated in the 
normal manner for beams of nonconstant flexure 


Example 


Suppose it is required to determine deflection and 
critical speed of a shaft-and-sleeve assembly, Fig 4(A). 
The various loads, including the weights of the shaft and 
sleeve, are assumed to result in the symmetrically loaded 
system shown. ‘The modulus of elasticity for the steel 
shaft is E, = 30 x 10°. 

[he moment of inertia for each section can be obtained 
from standard tables as follows 

I, = I, = 7.366; 1, = I 12.57; I 
« = 24.99: 7. = 30.68 
Tao = 297.04; I x2 Bi Aliia 291.35 
B), 


can now be obtained by the procedure described above 


Che equivalent shaft of nonconstant flexure, lig 4 
l 


1. Equivalent moment of inertia for bridge section: 


la = J ml > 


24.99 + (14/30) X 277.11 154.1 in.* 
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2. Bending moments at center of each seating for this 
symmetrically loaded system are equal and the reaction at 
each bearing will be half the total load on the assembly: 


T = 25 + 23 + 750 + 30 = 828 Ib 


This gives equal bending moments at center of each 
seating: 
M = (828 X 12) = (25 X 9) — (23 » 5) = 9607.5 lb-in 
3. Bending stress at each seating: 
ia (M/I,)ra 9607.5 /24.99 : 912 Ib/in 
hie (M/I.)re 9607.5/30.68) & 2. 775 Ib/in 
4. Strain resulting from bending stress at each seating 
Gia = fie/E, = 912/30 XK 10° 30.4/108 
ete = fie/E: = 775/30 X 10° = 25.83/108 
5. Interference stress at each seating: Assuming an inter- 
ference fit of about 0.001 in. per in. of shaft diameter, the 


diametrical interference is 0.0025. ‘This gives 


Joa (E,/5 2Ra*ra) (Ra? — ra? 
(14 & 10° & 0.0025/2 81 &X 4.75) (81 — 20.25 
2760 Ib/in.? 
(E,6/2 Re’rc) (Re? — re? 
(14 & 10 & 0.0025/2 & 81 
2420 Ib/in.? 


] 


6. Strain in direction of bending caused by complex 


stress: 

1/E;) (fia — fea) 

(1/30 X 10%) (912 + 0.3 & 2760) = 57.9/10 
1/E)) ( 

(1/3 


¢ 
a 


M1) (fie — Afee) 
0 < 108) (775 + 0.3 K 2420) 50.3 /108 


( 


In the above equation f.. and f,, are negative and therefore 
the resulting stresses are additive. 
Apparent modulus of elasticity: 
Ea = fia/Cca = 912 
Eire = fie/e 775 
8. Equivalent shaft: 


I 2 Ie + am a2 24.99 
le =Ie+am! 30.68 + 


Deflection of a shaft with discontinuous flexure can be 


108 /57.9 15.75 & 108 lb/in.? 
10° (50.03 15.5 & 108 lb/in? 


14/15.75) & 297.04 
14/15.5) & 291.35 293.2 in.‘ 


determined by any of several methods, the graphical 
method using the conjugate-beam theory being perhaps 
the most popular. The strain energy method, however, re 
places the system of varying flexure with one of constant 
flexure, as in Fig 5, and simplifies calculation of deflection 


EDITOR’S NOTE: For additional information on stress 
analysis, see: 

New Equations for 5 Tapered Cantilever Beams, July 25 
‘60, p 52—Shows how economical tapered beams can be 
used without need to solve differential equations to find 
stresses and deflections. 

Faster Stress Analysis of Combined Loads on Beams, 
May 16 ’60, p 97—Author’s method presents solutions to 
differential equations in the form of charts and easy-to-use 
algebraic equations. Applicable to simple beams and can 
be extended to beams with complex loads, as well as static- 
ally indetermine beams. 

Critical Frequency of Stepped Shafts, Jan 11 '60, p 57 
Gives equations for frequency and critical speed for plain, 
round, or tubular, rectangular stepped shafts 

A Rundown on the Conjugate-beam Method, Aug 18 ’53, 
p 83—Gives four examples of application to load problems. 


—Frederick Marich 
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1-WAY OUTPUT FROM 
SPEED REDUCERS 


When input reverses, these 5 slow-down mechanisms 
continue supplying a non-reversing rotation. 


LOUIS SLEGEL 


Head, Dept of Mechanical Engineering 
Oregon State College 
Corvallis, Ore 


Eccentric 
cam 


Pinion ~ Ve 


Traveling \ 
nN 


—— Hatchet 
whee/ 


WN tut 


ECCENTRIC CAM adjusts over a range of high- 2 TRAVELING GEAR moves along worm and transfers 


reduction ratios, but unbalance limits it to low 
speeds. When direction of input changes, there is no 
lag in output rotation. Output shaft moves in steps 
because of ratchet drive through pawl which is at- 
tached to U-follower. 


drive to other pinion when input rotation changes di- 
rection. To ease engagement, gear teeth are tapered 
at ends. Output rotation is smooth, but there is a 
lag after direction changes as gear shifts. Gear can- 
not be wider than axial offset between pinions, or 
there will be interference. 


O 
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3 ROLLING IDLER also gives smooth 
output and slight lag after input 
direction changes. Small drag on 
idler is necessary, so that it will 
transfer into engagement with 
other gear and not sit spinning in 
between. 


clutches 


Sti 


O 4 TWO BEVEL GEARS drive through roller clutches. 5 ROLLER CLUTCHES are on input gears in this 
One clutch catches in one direction; the other catches drive, again giving smooth output speed and little 
in the opposite direction. There is negligible inter- output lag as input direction changes. 
ruption of smooth output rotation when input direc- 
tion changes. 
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B.EGoodrich 


KS96e9g9s 


1.39 MED 
0 





with tubes of rigid Geon 


-— Because his capacitors are used in ““Minuteman”’ missiles, this manu- 
facturer pays extra attention to ete high standards for reliability. 
He aims to a quality level 50 times better than normal industry goals. 
Maintaining this kind of quality can be costly. Instead, careful analysis 
of components which led to replacing paperboard tubes with tubes of 
rigid Geon viny] helped improve reliability and cut costs at the same time. 

The rigid Geon tube gives excellent dielectric characteristics. It 
assures that the case will never be the cause of a humidity problem. It 
will not corrode or be adversely affected by aging. The manufacturer has 
also found that rigid Geon tubing is easy to work with in assembly 
operations. 

Here’s another place where Geon vinyl is improving products, some- 
times opening whole new markets. To learn about this and applications 
of Geon in other forms, write Department NO-3, 

B.F.Goodrich Chemical Company, 3135 Euclid 
Avenue, Cleveland 15, Ohio. In Canada: 


FAST tubular capacitors encased in tubes made of Kitchener, Ontario. 
rigid Geon are manufactured by John E. Fast 
Company, Chicago. Picture shows test operation. 
Special attention is paid to humidity, even to the 


clothes and cosmetics operators wear. 100% of e —a— 
production is tested to provide constant information oH 

on product quality Tubes are extruded by Pyramid ee oo ric emica 
Plastics, C hicago, of rigid Geon supplied by 


B.F.Goodrich Chemical Company. a division of The B.F.Goodrich Company 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Flexural pivot .. . 
designed to take place of ball bearing 
assemblics and jewels, is a less bulky 
ross-spring pivot that has flat steel spring 
forming a sort of web between two sepa 
rated “halves” of a tubular bearing. Theit 
flexing allows movement—up to a 60° arc 
with no rubbing of one part against an 
other. Needs no 


ing of mating parts for installation, com 


close-tolerance machin 


pared with standard ball bearing unit 
Also, no contamination problem is said 


to occur in either manufacture, stora 


3 operation of the nonfriction bearing 
Available in two types: cantilever model 
to support an overhung load and a doubl 
end support model to bridge-support a cen 
tral load 


drical sleeves with 


In pivot, two concentric cylin 
utaway sections are 
interconnected by two flat crossed springs 


is separated into sect 


10ns 


Outer sleeve 
along main longitudinal axis to per 
mit relative rotation within specified range 
Pivot is used as a bearing by securing 
linkage arms of load to each section 
of outer sleeve. In cantilever type, on 
end can be rotated relative to other end, 
while in second model, two ends are con 
nected and can be rotated relative to center 
sections. Diameters available in both types 
include , Ys, Ya, 4, # 4 and j in 
Priced at approx $6. Utica Div, Bendix 
Corp, 211 Seward Ave, Utica, NY. 


Circle 300 on Reader Service Card 


Diaphragm pressure switches 


hold accuracies within 0.5%, compared 


with usual 1% Accuracies to within 0.2% 
available on request Have interchang« 
ontact elements, cap 
sules, and terminal block and explosion 
ittached to 


This paves way for cost 


ible components 


proof housings—which ar 
standard bodies 
cutting mass-production methods and al 


m (only cl 


lows wide variations in desig 
be ordered Proof 
pressures to 600 psi and adjustable rang 


ments desired need 


from vacuum to 400 psi al supplicd, mak 
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ing it possible to use mexpensive dia 
phragm pressure switches on installations 
that normally require high-priced bourdon 
tube models. Housings are independent of 
sensing and switching mechanisms, mini 
mizing effect of wide temperature changes 
Standard pressure connection is }-in. NP'l 
female pipe fitting. However, 4-in. fittings 
suitable for mounting directly on 4-in. pipe 
can be supplied on request. Prices range 
from $19 to $27; delivery in 1 wk to 
10 days. Barksdale Valves, 5125 Alcoa 
Ave, Los Angeles 55. 

Circle 301 on Reader Service Card 


Miniature photocell .. . 
differing from photoconductor or photo 
voltaic types, is a light-actuated PNPN 
silicon switch with an impedance of over 
10 megohms when “off” and under 10 
ohms when triggered “on” by light. Out 
put is determined primarily by load and is 
independent of light input at all intensi 
ties above triggering level. Although meas 
uring 0.185 in. dia x 0.200 in. long, unit 
delivers up to 300 ma load current at up 
to 200 v with efficiency of more than 
98%. Can permit direct actuation of a 
load without intermediate relays, ampli 
fiers, mag amps or similar elements. Priced 
between $9 and $33 each in quantities of 
100. From stock in small quantities 
Solid State Products Inc, 1 Pingree St, 
Salem, Mass. 

Circle 302 on Reader Service Card 


Epoxy-silver solder .. . 

can be used at low temperatures for com 
ponents which are heat sensitive, and has 
no flux or residue to contaminate sensi 
tive electronic components. Resistivity is 
said to approach resistance of metals 
between 0.1 and 0.0001 ohms-centimeters 
Makes strong (reportedly topping usual 
metal solders), conductive bond with most 
Shear strength of a steel-to 
When 


bond hardens, it can be plated with con 


materials 
steel bond is stated at 3200 psi 


ventional plating techniques and soldered 
if desired 
one-component heat curing (as low as 


Available in two paste forms 


IF) paste and a two-component room 


a 
+ 


temperature cure paste. A 3-oz sampl 
quantity is priced at $10 
ties, furnished in 2- and 1-oz 
are priced from $2.50 to $3 per oz. From 
stock. Epoxy Products Inc, 137 Coit St, 
Irvington, NJ. 
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Other quanti 
containers, 


IIluminated indicator switch 
said to cost two-thirds less than oth 

cator switches, accepts 5 | 
4.. 6-, 10-, 12-, 16-, 24 


sizes, Change in ¢ n 


change in lamp, which 

plished from the front. Nylor 

caps, which also can be re] 

special tools from front of mounting pan 
are available in red, yellow, green, wh 
and blue, with letters and num! 

cial legend designations on 1 

a SPDT unit, has four wip 

separate indicating and load 

rated at 5-amp capa 

spring-loaded m 


Measuring 


nvlon switch comes 


index life 


50 units to standard 
$4.40 
vania Lighting Products 
Salem, Mass. 
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each with quantity d yunt Syl 
60 Boston St 


Thermoelectric components . . . 


spot-cool “black box t i 


by heat dissiy 
and similar heat 
Available as 


smaller junctions 


with ys-in. alumin 
bottom. Single module, mea 


l 


x in., pumps more than 


ally attains a temperatu 
tween hot and cold plat 
176 | Capacit i 





COMPONENTS * MATERIALS * PROCESSES 
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greater when several modules are con- 
nected in series or parallel. Array is priced 
at $85.19 each in quantities of 1 to 24; 
$68.15 each in quantities of 25 to 99; and 
$56.79 each in quantities of 100 to 999 
Module prices are: $91.06 each in quanti 
tics of 1 to 24; $72.85 each in quantitic: 
of 25 to 99: and $60.71 cach for 100 to 
999 units. From stock. Ohio Semicon- 
ductors, 1205 Chesapeake Ave, Columbus 
12, Ohio. 

Circle 305 on Reader Service Card 


Dual-drive hydraulic clutches 

provide automatic torque modulation—or 
gradual pressure buildup—for cushioned 
starts under any load and for longer clutch 
and driveline life. Clutches transmit only 
enough torque to complete a shift, then 
They shift and 
When 


disengaged, clutch cavities are under con- 


continue to max capacity 
engage in less than 0.6 of a se 


stant lube oil pressure, and since oil is 
transferred from one cavity to the other, 
rather than being filled and exhausted, only 
pressurization of these cavities is needed to 
fully engage clutches. Available in six 
sizes to handle torque loads from 1000 to 
10,000 Ib-ft, engines up to 1000 hp, and 
speeds up to 5500 rpm. Rockford Clutch 
Div,. Borg-Warner Corp, Rockford, III. 
Circle 306 on Reader Service Card 


Logic element .. . 

a microminiature flip-flop, is first of six 
tiny devices that are expected to reduce 
size of a computer’s logic or arithmetic 
section by 90% and its cost by 70%. 
Others to come during 1961 are a gate, 
half-shift register, buffer, half adder and 
counter adapter. They will use direct 
DCTL) circuitry 
and when put together as a logic section 


coupled transistor logic 


will handle logic-function requirements of 
digital machines operating at bit rates in 
excess of 1 megacycle. They will dissipate 
an average power of 30 milliw and operate 
over range of —67 to 257 F. Filip-flop, 


68 


which looks externally like a standard 
transistor with eight leads, is introduced 
at $120, but price is expected to be 
markedly reduced as production volume 
increases. Fairchild Semiconductor Corp, 
545 Whisman Rd, Mountain View, Calif. 

Circle 307 on Reader Service Card 


Pressure transducer . . . 
offers frictionless movement for high con- 
tinuous output and repeatability. Has 
chemical-resistant bourdon tube coupled 
inductively to special-design differential 
transformer. Case, measuring 34 in. in dia, 
allows external zero adjustment and easy 
access to all connections. Available in 
pressure ranges from vacuum to 10,00\ 
psi. Temperature limits are —115 to 50( 
F. United Aero Products Corp, Colum- 
bus Rd, Burlington, NJ. 
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Sectional valve .. . 
can have as many as eight sections, with 
choice of three-way, four-way, free flow o1 
four-position float construction in each sec 
tion. Handles can be mounted at either 
end, and load checks are provided in all 
sections. Anticavitation checks and either 
ball-spring or pilot-type relief valves are 
optional in one or both cylinder ports 
Main relief valve—either poppet or pilot— 
is in left-end section, which also offers op 
tion of top or side inlet and outlet. Power 
beyond conversion plug, side outlet, and 
closed-center plug are options in right-end 
section. Max pressure is 2500 psi; capacity, 
35 gpm. Available in 4 to 1-in. port sizes 
with either straight or tapered threads 
Gresen Mfg Co, 405 35th Ave NE, Min- 
neapolis 18. 
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Free-machining stainless steel 
a chromium-nickel stainless called Uniloy 
303MA, contains proper combination of 
aluminum and sulphur additives, reducing 
sulphur content to about one-half that of 
Type 303. Combination improves ma 
chinability (303MA reportedly can be ma 
chined up to 50% faster than Type 303); 
cuts harmful effects of high sulphur con 


tent on fabrication and performance of 
finished parts; improves corrosion resis- 
tance (25 times greater than Type 303 
and approaching that of Type 304); and 
ups resistance to longitudinal splitting. 
Mechanical properties approximate those 
strength of 95,000/ 
70,000/ 


longation of 


of Type 303—tensil 
100,000 psi; vield strength of 
75,000 psi (0 % offset): 
40/45% in 2 im.; and Brincll hardness of 
207/212. Can be arc-, flash 
stud-welded and brazed when proper tech- 
to 4-in. 
cold-drawn rounds; 43 to 34- in. center- 
less-ground rounds; } to 24-in. cold-drawn 
cold-drawn hexagons; 


Universal- 


or percussion 


niques are used. From stock in 


squares; 4 to 14-in 

and 4- and 6-in. forging billets 

Cyclops Steel Corp., Bridgeville, Penna. 
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Spring-loaded Teflon seals .. . 
are pressure compensated at temperatures 
from —420 to 500 F by their stainless 
steel spring inserts. Inserts are said to pro 
vide initial sealing at zero pressures, and as 
sealing force likewise 


pressure increases, 


increases. Springs also compensate for 
dimensional changes resulting from toler 
ance variations, thermal expansion or con 
traction and cold flow of the plastic. Raco 
Engineering, 1650 21st St, Santa Monica, 
Calif. 
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Multiple gearmotor assembly 
comprises as many as four individual sub 
fractional-hp units fastened to a stamped 
steel mounting plate. Plate also serves as a 
cover for each motor’s die-cast gear hous 
ing. Motors are available with any combi 
nation of output speeds and torque to 
meet specific Assembly 
priced at approx $16 each in production 
quantities. Molon Motor & Coil Corp, 
3737 Industrial Ave, Rolling Meadows, 
Ill. 


requirements 
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Two-part epoxy adhesive .. . 
suitable for use at room temperatures, scts 
in 45 sec without fuming when one drop 
of activator is added to two drops of bas« 
material (noncritical mixing ratio is eithe: 


continued on page 71 
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FROM FRANKLIN ELECTRIC 


ALL-NEW 
STANDARD 
MOTORS 
MADE OF 
ALUMINUM 


Available NOW in single-phase and polyphase, from 1 to 7} H.P. 


More facts available NOW on the next page... 





YOU CAN’T SEE 
THE OVERLOAD 
PROTECTOR 

ON THIS 
POLYPHASE 
MOTOR 


BUT IT’S 


Th 


Tough yet lightweight aluminum means lower 
shipping costs, easier assembly line handling, 
lower production costs 


" " ae . .) 
= ae 


ill 
~ _ - 

“es 4 

, 


Comes pre-wired to your specifications. Han- 
diest terminal board design ever — just connect 
three line leads that's all! 


Burly bearing system keeps grease in the bear- 
ing for longer motor life. Bearings are pre 
packed and double-shielded 


P-86288 











The new Franklin integral is the only polyphase motor (1 to 72 hp 
designed with a built-in space for inherent protective devices. Com 
plete motor protection, even under locked rotor conditions! 


FRANKLIN—THE ONLY POLYPHASE MOTOR WITH 
A BUILT-IN SPACE FOR INHERENT PROTECTOR. 


Inside the Franklin conduit box is a common sense idea that 
every engineer will appreciate. This is the only polyphase motor 
with built-in space for protector devices. Because this one built-in 
device protects against all motor burnout possibilities, even un- 
der locked rotor conditions, this new motor can be completely 
protected at far lower cost than ordinary motors. 

The protector comes pre-installed, in exactly the right size 
to protect the motor under the most adverse conditions. Saves 
you time and money. Another point. The motor’s appearance 
stays streamlined, because protectors stay where they belong 

-inside. Write for a free color brochure on the new Franklin 
integral motor. 


Franklin Electric Co., Inc. 


ahiely> BLUFFTON, INDIANA 
2 
& 


~ 
~ 


Ve a 
ec T% 
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by weight or volume). Provides immediate 
tensile shear strengths of more than 2000 
psi. Adhesive system is nonflammable and 
has exotherm of 250 F max. Available as 
a syrup or petrolatum-like jelly on clear or 
colored and metallic pigment. Three-oz 
sample kits (consisting of 1 oz of activator 
and 2 oz of base) are from stock at $10 
to $11.75. Mereco Products Div, Meta- 
chem Resins Corp, 530 Wellington Ave, 
Cranston 10, RI. 
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V-belt pulleys .. . 
have cam-control design for greater efh 
ciency. They are rated at 1 to 5 hp at 
1750 rpm and provide instantly variable 
ratios up to 3:1. Each pulley face is in 
dependently actuated by its own spring 
and cam assemblies. Opposite wedging 
action of each cam and cam follower pre- 
vents pulley spread, said to assure constant 
speed at all times, even under overload 
conditions. Cam action also automatically 
compensates for tension and alignment. 
Springs are not driving members but serve 
to keep pulley faces in contact with belt 
Four models are available, using Nos 087- 
12- or 14-top width variable speed belts. 
Standard bore sizes are from % to 14 in 
and keyways, #s x a and } x 4 in. Bore 
lengths are 24 to 3% in., max pitch dia, 
5.78 to 8.62 in.; min pitch dia, 1.875 to 
2.87 in.; and motor travel, 34 to 4 in. 
Lovejoy Flexible Coupling Co, 4906-H W 
Lake St, Chicago 44. 

Circle 314 on Reader Service Card 


® 


Tubing inserts .. . 

are two-piece welded parts for inserting in 
round, square or rectangular steel tubing 
Stamping, with nut or screw already at- 
tached, is inserted in end of tubing and 
spot welded in place. Round tubing inserts 
are supplied for diameters from 1 to 14 


continued on page 74 
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Dependable automatic control of ~~ -., 





Nota worry 
in the world 


..with (0720 PYROTROLLER’ 


positive temperature control 





controlling instrument. 


7 . ; . Pyrotac—a safety excess 


temperature cut-out of aldrm. 


temperatures in heat treating 
furnaces, ovens, plastic moulding, 


cooking vessels or for any constant 
temperature requirement. Operates 


The Alnor Flux 
Gate Sensing Coils 


to prevent overheating even with 
power failure. 


—\ Bn0r 


The simple, rugged circuitry in the Pyrotroller has a minimum 
of components that operate well below their rated capacities. 
The circuit is not critically tuned and there is no need for 
repeated adjustment, no shifting of the control point, no need 
for preselection of the one standard vacuum tube. Sapphire jewel 
bearings and the very high Alnor standard of precision 
construction makes the Pyrotroller extremely accurate 
particularly in the low temperature ranges. 

The Alnor Pyrotroller is available in a wide range of 
temperatures, —100° F. through various maximum temperatures 
up to 3000° F. The minimum scale span is 400° F. and 
various ranges can be supplied to meet your particular installation. 
Write for complete information. Our engineering service is 
available on special requirements. 


ALNOR INSTRUMENT CO. 





Division of Illinois Testing Laboratories, Inc. 
Room 527, 420 N. LaSelie $t., Chicage 10, lilineis 
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stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 
and promise so much for tomorrow. 


There is nothing like 
stainless steel for 
THE AUTOMOTIVE INDUSTRY 


McLouth Steel Corporation, 
Detroit 17, Michigan , +> 
F stainless & 


Manufacturers of high quality ge —e eee 


Stainless and Carbon Steels “eke on the products you buy. 


VICLOUTH STAINLESS STEEL 
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OZ 


~— - 


You can get high reductions 
with Gleason HRH' gear sets 


This thirty-one-inch gear and its pinion 
have a 150 to 5 ratio. Yet they are 
hypoids — what we call HRH or high 
reduction hypoids. 

These compact, flexible sets can be 
built to ratios as high as 360 to 1 with- 
out losing the traditional advantages of 
Gleason design proportions. 

They permit you to design to tight 
space limits, particularly on big jobs. 

They have a typically fine Gleason 
surface finish, impossible to get with 
hobbing or other methods. The pinion 
teeth wrap around the pinion, so you 


get continuous tooth action even with 
a one-tooth pinion. The resulting mo- 
tion is always smooth and continuous. 

You use regular Gleason machines 
to manufacture these gears . . . in smail 
quantities and large, 

And with all that you get the usual 
complete technical assistance from our 
engineering staff . . . all the way 
through the design stages on to proto- 
types and full production. 

Find out what HRH gears can do for 
your transmissions by contacting us 
directly. 


= 
= 


f@ 


The cylindrical shape of the pinion lends itself 
readily to straddle mountings. The high offset 
design also increases the diameter of the pinion, 
lending extra strength to the entire assembly 


*Trademark for Gleason High Reduction Hypoids 


GLEASON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 
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BERRY/DOWTY 
sear pumps 


OyiT-maliiicelsmes Aelst) 
ab aatelent 
measurable wear 


Performance 
guaranteed 


F.} ae 1 8) 


Pressures to 3,000 PSI 


O]Videltie-migelii mm mm ce) 
85 GPM 


Speeds to 6,000 RPM 


- 


| 

| 

Uo 
HYDRAULICS 
| 














N 
A DIVISION OF OLIVER TYRONE CORPORATION A 


jra Units | 


MAIL FOR NEW GEAR PUMP CATALOG 


Berry Hydraulics Corinth 1, Miss. 
r 


Company 


ddre 
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The Berry/Dowty line of hy- 
draulic gear pumps has been 
subjected to exhaustive endur- 
ance tests. A Model GPA3/170 
(rated output 24.5 GPM at 1800 
RPM and 2000 PSI) was put 
through a one million cycle 
0-2000 PSI test, with the final 
200,000 cycles at 230° F. There 
was no measurable wear as a 
result of this test. In this and 
other tests, volumetric and 
mechanical efficiency has in- 
creased slightly from beginning 
to end of test, a result of the 
self-compensating design. 


Performance and warranty 
are unaffected by system 
temperatures of 230° F. 
provided minimum operat- 
ing oil viscosity is 50 
SSU. Volumetric efficien- 
cies of 95°, at 2000 PSI 
are normal under these 
conditions. 


Value analysis (price, perform- 
ance and reliability) proves the 
economy of Berry/Dowty Hy- 
draulic Gear Pumps. Wire or 
phone today (Corinth, Miss., 
ATlantic 6-5541, Dept. K) for 
test units for evaluation on your 
equipment. 


— 


| 
| 
| 
| 
| 


COMPONENTS * MATERIALS * PROCESSES 
. . . continued 


in. For square and rectangular tubing, 
sizes range from % to 14 in. wide. Most 
popular sizes will be from stock. At pres- 
ent, available in 10,000-piece quantities. 
Ohio Nut & Bolt Co, 50 First Ave, Berea, 
Ohio. 

Circle 315 on Reader Service Card 


Two-way solenoid valve . . 
for oil pressures to 3000 psi, has only two 
moving parts—poppet and plunger—making 
valve less susceptible to malfunction in 
contaminated systems. ‘Two available types 
—normally open and normally closed—are 
pilot-operated, poppet units in cartridge 
form and have free reverse flow in either 
energized or deenergized position. Stand 
ard ac or de solenoids are interchangeable. 
Fluid Power Accessories Inc, Box 64, 
Glenview, Il. 

Circle 316 on Reader Service Card 


Pneumatic-circuitry valve . . . 
has independently adjustable “trip-in” and 
“trip-out” points which vary dead band 
as desired. Snaps to desired porting at 
predetermined limits. Control signal range 
is 3 to 30 psig, with snap-acting mech- 
anism operable when a min supply pressure 
of 10 psig is available at one or more of 
three body connections. No bleed of air 
from the three-way unit is required before 
or after trip. Valve body is rated at 100 
psig max; operator at 75 psig max. Oper- 
ates in temperatures to 180 F and has 
4-in. NPT connections with 4-in. internal 
ports. G W Dahl Co Inc, 60 Tupelo St, 
Bristol, RI. 

Circle 317 on Reader Service Card 


Epoxy-sealed limit switch . . . 
is guaranteed for at least 10 million cycles 
or one year of operation. Sealing switch 
with thermosetting epoxy resin keeps cool 
ants and condensates from seeping into 


continued on page 78 
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Most versatile 
transmission 
ever developed! 


SPRING REACTION ARM MANUAL FRICTION CLUTCH 


{ncorporates a series of leaf 
springs which provide pro- 
gressive overload capacity, 
reduce shock loading, and 
prevent internal damage to 
the unit. 


FRICTION REACTION ARM ; 


A spring-loaded friction clutch Permits manual engagement 
combined with the reaction and disengagement of the 
arm assembly. Designed to unit. Provision is made for 
slip at a preselected torsional adjusting the clutching pres 
overload. Restores normal sure as well as compensating 
operation automatically when for wear. 

overload ceases. 


TORQUE 

RELEASE 

ASSEMBLY 

TYPE “B” 

A mechanical at- 
TORQUE RELEASE ASSEMBLY TYPE ‘‘A” arately "mount 

hment— os . 

integral withereacton arm— | Yides complete 


engagement when a pre- when a prese 


lected torque is 
selected torque is exceeded. prone nto 


TORQUE LIMITING CLUTCH 


Mechanical modification of 
the electromagnetic clutch 
assembly to provide auto- 
matic disengagement when a 
preselected load is exceeded. 


STR BORNE —: 


Engineered Equipment for Aircraft and Industry 
AIRBORNE ACCESSORIES CORPORATION 


HILLSIDE 5, NEW JERSEY «+ Offices in Los Angeles and Dallas 
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PATENTED 


+. = << | 
ELECTROMAGNETIC CLUTCH 


This modification of the 
manual friction clutch pro- 
vides remote control of the 
unit by means of solenoid 
actuation 


DIRECT MESH ATTACHMENT 
Permits 2-speed operation 
through a manually operated 
= mounted on reaction 
hub. 


For complete infor- 
mation, write for 
Catalog /R-61 or contact 
our nearest office 
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Designers think of R/M first for asbestos, 


Photo courtesy Douglas Aircraft Company, Inc. 


Bonded, rivetless, aluminum-cored structure of the Douglas A4D Skyhawk’s rudder section prevents skin- 
crack failures. Conventional riveted structure could not stand pre-service load and vibration tests. Sonic 
flight vibration would have caused cracks between rivets on skin. 


11 Ways Stay-BOND Adhesives 


Solve Tough Fastening Problems 


New bonding and laminating techniques at R/M 
help solve difficult fastening problems and thereby 
make possible many of the new products being de- 
veloped and produced by America’s advancing 
technology. 

The advantages of Ray-BOND Adhesives include: 
Rivets can be eliminated « Members too thin to rivet can be 
joined and fixed ¢ Manufacturing costs are reduced e Life 
of wearing surfaces is extended ¢ Heat conductivity is im- 
proved e Weight reduction is substantial ¢ Load is uni- 
formly distributed over joint area e Bond produces residual 
elasticity ¢ Complex shapes can be easily fabricated 
e Electrical non-conductivity and protection against corro- 
sion can be achieved ¢ Methods of application are fast, 


economical, flexible 
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Counsel and detailed technical information regarding 
the selection and application of adhesives are freely 
available to you from Raybestos-Manhattan. An 
R/M representative can call on you promptly to dis- 


cuss your requirements. 


ADHESIVES 


Get helpful engineering information on selecting, bonding and testing 
adhesives. Write today for your free copy of Bulletin No. 701. Ad- 
hesives Department, Raybestos-Manhattan, Inc., Bridgeport, Conn. 
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sintered metal, and engineered plastic products — 


R/M CAPABILITY PRODUCES 
VALVE STEM PACKING 
of low volume loss at up to 1150 F 


Low volume loss is a basic requirement of high-temperature 
valve stem packings. Reliable sealing characteristics are 
assured when valves are packed with R/M No. 325 because 
total volume loss is /ess than 5%. R/M No. 325 high-tempera- 
ture valve stem packing is free of the organic materials that 
make other packings burn out and require much adjustment. 
Contains AAA grade Inconel-wire-inserted asbestos yarns 
braided over a plastic core that will not fuse. R/M No. 325 
offers an extra dividend in that it contains a corrosion- 
resistant inhibitor that protects against valve stem pitting 
after valves are hydrostatically tested and stored. 

There are R/M valve stem packings for your every department, 
each offering superior advantages. Let us know your require- 
ments and depend on us to meet them. 


PACKINGS 


For complete information on R/M Mechanical Packings and Gasket 
Materials, write for new Catalog P-100. Packing Division, 
Raybestos-Manhattan, Inc., Passaic, N.J. 


R/M CX MOLDED V-BELT 
OUTLASTS—AND OUTPERFORMS 
OTHER BELTS 8tol... 


Use R/M CX Molded V-Belts wherever more flexibility and 
ruggedness with quieter, cooler vibration-free operation are 
required. 





@ Fully Molded—Fully Jacketed 

@ No Cut Notches—No Exposed Sides 

@ Holds Shape and Effective Length Without Stretch 

@ Vibration-Free—No Slap, No Hum, No Buzz 

@ No Ply Separation—No Filex-Cracking 

@ Ideal for Small Sheave Diameters, Short Centers, 


High Speeds 


It’s the only notched V-belt of its kind made. Let R/M 
specialists work with you on V-belts, rubber hose, trans- 
mission or conveyor belting, molded or extruded parts. 


RUBBER 


Write today for Bulletin M220 and booklet shown: full details on a 
wide variety of industrial rubber products. Manhattan Rubber 
Division, Raybestos-Manhattan, Inc., Passaic, N.J. 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. « Bridgeport, Conn. e Manheim, Pa. « Paramount, Calif. « No. Charleston, S.C. 
Crawfordsville, Ind. « Neenah, Wis. « Peterborough, Ontario, Canada 
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For Dependable Air Power Depend on 
KelloggAmerican 


AIR COMPRESSOR 


These are only a few of many quality features: 


@ improved HEAD DESIGN—Gives higher 
efficiency. Large direct air passages 
permit free flow of air, reducing pres- 
sure drop; greater cooling and valve 
areas. 

WRIST PIN BEARINGS — Roller type to 
withstand greater bearing load. 

@ CONNECTING RoDS—Designed for force 
oiling. Automotive type insert bearings. 

@ CENTRIFUGAL UNLOADER—An efficient, 
durable device for pressure relief to 
insure no-load starting. 

@ oll GAGE AND FILLER— Oil level is 
quickly checked with new look-through 
gage. New larger oil fill opening is 
located for easy, quick lubrication. 


MULTIPLE VALVES —High efficiency, 
wafer-type valves (with minimum of 
parts) have removable seats and are 
designed for long service life. 
IMPROVED INTERCOOLERS—Larger ra- 
diating fins. Pressure drop reduced by 
higher air flow capacity. 


@ Lusrication system — Ring lubrica- 
tion. Positive controlled force-feed oil- 


ing to every wearing surface. 


@ MAIN BEARINGS—Tapered roller bear- 


ings. Crankshaft supported at both 
ends. 


@ CRANKSHAFT — Drop-forged, counter- 


balanced, with super-finished bearing 
surfaces. 





COMPONENTS * MATERIALS * PROCESSES 
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switch housing through conduit systems. 
Unit also is said to be tamperproof, since 
switch cover is fastened to housing with 
drive screws. National Acme Co, 170 E 
131st St, Cleveland 8. 

Circle 318 on Reader Service Card 


Aluminum-silicon-copper alloy 
is available in solid round and hexagon- 
extruded shapes for use as valve stems and 
seats, gears, marine hardware, bushings, 
bearings, cams, etc. Alloy is nonmagnetic, 
will hot-forge and ‘s free-machining. Also 
withstands relatively high temperatures and 
is lightweight, and wear- and corrosion- 
resistant. Ampco Metal Inc, Box 2004, 
Milwaukee 1. 

Circle 319 on Reader Service Card 


Rotary switches .. . 

are made in modular stages which permit 
them to be modified without removing 
them from their mountings. Stages are 
added by twist-to-lock bayonet principle. 
Each stage contains two isolated, double- 
break, cam-operated, silver alloy contacts 
that allow the ordering of only those stages 
needed for specific circuit requirements. 
Standard contact development can be ar- 
ranged for 90-, 60-, 45- and 30-deg throw. 
Available in two models—one for 25 hp 
and another for 40 hp at 600 v, three 
phase current. Min mechanical life of 5 
million operations is guaranteed for each. 
Delivery in 5 to 10 days. American Sole- 


noid Co Inc, US Hghwy 22, Union, NJ. 


Kellogg-American’s superior engineering, workmanship and rugged con- 
Circle 320 on Reader Service Card 


struction combine to assure long trouble-free life and efficient low-cost 
performance. 

Choose from over 250 different models, from %4 through 20 HP, including 
bare compressors, base-plate mounted, and tank-mounted units. Available 
in both single and two-stage models. 


a 


Pressure switch .. . 

used to control cut-in and cut-out pressure 
in high-pressure gas system, has endurance 
of 100,000 cycles. Models are available for 
= pressure settings from 1500 to 3550 psi. 
a > papel wii 16 Unit also can be used as a pressure indica- 


-- tor to warn whenever system pressure falls 
(4) For detailed specifications, write to: 


below that required for actuating equip- 
ment. Typical SPDT switch has cut-out 
DIVISION SCAIFE COMPANY « PITTSBURGH 35, PA. 


pressure (increasing) of 3000 psi; cut-in 
pressure (decreasing) of 2600 psi; proof 
pressure, 4500 psi; burst pressure, 7500 
psi; temperature range, —65 to 160 F for 





continued on page 81 
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Is your materials-handling equipment 
_ years ahead of your engineering design equipment ? 


Save all the money you can with the latest materials- 
handling devices—but don’t overlook your drafting 
department, either! Professional draftsmen really 
deserve the latest equipment—it’s just good business 
for you to see that they have it. 





Your draftsmen, your productivity, deserve 
new Hamilton space- and time-saving 
equipment from Post 


Top engineers or draftsmen do their very best work at peak 
efficiency—when they work with high-quality, professionally 
designed equipment. It’s a morale-boosting compliment to a 
good man to give him the best equipment. He feels better, 
works harder, makes fewer errors. And the genuine quality 
in each Hamilton unit will ‘actually save real money over the* 
years. -Why not gain the plus benefits of modern styling at a 
modest investment—plus the better working atmosphere 
Hamilton units provide? Our planning engineers are as 
close as your phone! 


HAMILTON CL-100 TABLE Entirely new, canted-leg 
styling assures stability without side crossrails. Strata- 
Core board, with green linoleum surface, both sides steel 
edged; tilts 0° to 40°. Fully adjustable recessed footrest; 
steel reference, tool, and catalog drawers. Other fine 
features, superb styling in light Sahara Tan, satin-chrome 
hardware. 





Hamilton L-Contour Table Hamilton Unit System Files Hamilton Auto-Shift Table 

Prestige-assured, individualized work area Provide full protection, accessibility, and Built-in mechanism adjusts board to in- 
providing complete board adjustment plus classification for ail materials to be filed. dividual height and slope requirements, 
extra storage and reference area. Occupy minimum floor space. provides full accessibility, reduces errors. 


For practical, down-to-earth help in solving your drafting 
room modernization problems, consult trained POST 
salesmen and dealer representatives for recommendations 
tailored to your needs. Or, write Frederick Post Company, 
3650 North Avondale Avenue, Chicago 18, Illinois, for 
information on the complete line of POST drafting mate- Chicese S aa ee Dewrelt 


rials and engineering supplies. Milwaukee « Houston « Los Angeles « San Francisco 
Dealers in all principal cities 


SENSITIZED PAPERS, CLOTHS AND FILMS « REPRODUCTION MACHINES « TRACING AND DRAWING MEDIA + DRAWING INSTRUMENTS 
SLIDE RULES AND SCALES + DRAFTING EQUIPMENT AND SUPPLIES + DRAFTING FURNITURE «+ FIELD EQUIPMENT 
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ACCURATEREMOTE CONTROL 
FOR HUNDREDS OF PRODUCTS ~ 


- —with Tru-Lay/454-WW\\ Controls 


If your products involve remote control—electrical, hy- . a 
draulic, pneumatic or direct—TRU-LAY PUSH-PULL FLEX- 5 COMPLEX MECHANICAL 
IBLE CONTROLS can help solve your design problems. They | LINKAGE 
provide positive remote control over short or long dis- 
tances—up to 150 feet from the control point. Because 
they operate while flexing, they can snake around ob- 
structions. They will not buckle. They are ruggedly con- 
structed, easily installed and operated, sealed against dirt 
and moisture, and will handle jobs with as much as 1,000 
lbs. input. PUSH-PULL CONTROLS are simple, have but one 
moving part, are noiseless and give a lifetime of accuracy. 
Mechanical linkages, on the other hand, are complex. 
Unlike PUSH-PULL CONTROLS, they are made of many 
parts, wear at many points, and produce increased back- 
lash, vibration rattles and lost accuracy. 














THESE FEATURES HELP SOLVE DESIGN PROBLEMS 





Anchorages Swivel Action 




















Standard assemblies have end fittings with a swivel 
movement of + 8° to compensate for misalignment 
and rise or fall of lever arms. Swivel joints, and the 
sliding ends, are sealed against dirt and moisture. 


PUSA-\\. DATA FILE SHOWS HOW 


TO SIMPLIFY, IMPROVE DESIGN 


e Write for your PUSH-PULL 
Data File. It contains a 
complete set of engineering 
| bulletins which describe in 
| detail the operation of 
| PUSH-PULL CONTROLS, their 
Machined bracket anchorage - can be furnished for es —e 
mounting any PUSH-PULL cable at the swivel terminal _ Memsetttee tied _ — 


PUSH-PULL CONTROLS 


Automotive and Aircraft Division » American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 » 929-E Connecticut Ave., Bridgeport 2, Conn. 





ey 
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. -continued 


continuous duty and —65 to 250 F for 
intermittent duty; and electrical rating, 28 
v dc, 5 amp, or 115 v ac, 3 amp. Case, 
sealed to withstand pressure differential of 
20 psi, measures 24 x 28} x 34 in. Weight 
is 0.75 lb. Walter Kidde & Co Inc, 675 
Main St, Belleville 9, NJ. 

Circle 321 on Reader Service Card 


Punched-card switch . . . 
provides 1000 switches in less than 0.5 cu 
ft. Operates from a card of 20 rows by 
50 columns and has separate switch for 
each hole position. After card is inserted 
and operating lever pushed, punched holes 
have closed switches; unpunched holes 
have open switches. Switch contacts have 
gold plating over silver plating for long 
term, reliable service. Taurus Corp, Acad- 
emy Hill, Lambertville, NJ. 

Circle 322 on Reader Service Card 


“ 44 
€ WSIAulT OMS SEFORE vem 
5 @TTER OF CHAmEeNS fuRES 


Multirange electrical meters 
with replaceable fuses, are said to with- 
stand continuous overload 10 times greater 
than normal for 1 hr. Fuses deactivate 
units at less than 8 times normal load so 
that fuse replacement is seldom required. 
Full-scale accuracy is within 2%. Have 
5-way binding posts, sealed mechanisms 
with jeweled moving parts and heavy-gage 
cold-rolled steel housings with wear sur 
faces finished in baked vinyl. Available 
from stock are following models: ac volt 
meter in 0-5, 25 and 125-v ranges; ac 
ammeter in 0-2 and 10-amp ranges; de volt 
meter in 0-5, 50 and 500-v ranges; dc 
ammeter in 0-0.1, 1 and 10-amp ranges; 
ind 7-purpose dc galvanometer. Prices 
range from $36 to $42. Buck Engineering 
Co, 41 Marcy St, Freehold, NJ. 

Circle 323 on Reader Service Card 


Miniature gear train servo 
package ... 

has three rotary elements and is available 
in two models. Each unit accommodates 
gear ratios up to 1000:1 from motor to 
first synchro and up to 36:1 from first to 
second synchro. One package measures 


continued on page 83 
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DU bushings (bottom) used in the rotor 
assembly (center) of Navy's all- 
weother helicopter (top), require no 
maintenance, last as long as the rotor 
itself under severest conditions. 


DU* DRY 
BEARINGS 
Solve Another 
Problem 


“On the basis of very successful 
results obtained from rigorous 
whirlstand testings which simulate 
in-flight rotor conditions, we incor- 
porated DU bearings into pro- 
duction.” 

A. A. Coronato 

Chief Component 

Development Engineer 

Sikorsky Aircraft Div. 

United Aircraft Corp. 
Used to eliminate the necessity of 
lubrication on the rotor damper 
assembly, DU bushings replace 
ten fittings that required daily 
greasing on the Navy’s HSS-2 
helicopter built by Sikorsky. The 
bushings offer satisfactory, trou- 
ble-free service for the entire life 
of the rotor hub despite a heavy 
load (1250 pounds at 203 cycles 
per minute, uni-directional), 
shock, vibration, intermittent 
motion and a corrosive en- 
vironment. 
DU metal is an ideal bearing 
material for many applications. 
It withstands much higher ve- 
locities, runs much cooler at 
lower speeds than other unlubri- 
cated bearings ... has a com- 
pressive strength of 51,000 p.s.i. 
DU metal is applied without the 
need for temperature-limiting 
adhesives . . . will withstand 
from —450°F to +536°F. 


Oo C HK 


Apply DU dry bearings to appli- 
ances, automobiles, aircraft, farm 
and industrial machinery, office 
equipment. Standard bushings 
available for 14” to 5” shafts; 
thrust washers for %%” to 2” 
shafts; hemispherical cups from 
4%” to 114”; strip available for 
special fabrication. Write for 
engineering catalog DU-458. Spe- 
cial Products 

Dept., Garlock 

Inc., P. O. Box 

612, Camden 1, 

New Jersey. 


*Trademark, 
Glacier Metol Company Lid. 
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double 
corrosion 
protection 


, we 
DIAMONDS—siGNw 


on Aluminum, Magnesium and Zinc-plated parts 
with 

qabibp 

CHROMATE CONVERSION COATINGS 


and 
® 


CLEAR PROTECTIVE COATINGS 


Here’s a fast, easy way to practically 
double corrosion protection on your 
products. Simply follow the Iridite 
process with an application of 
Irilac. You give parts extra protec- 
tion from corrosive conditions, 
added abrasion resistance, longer 
shelf or storage life, protection from 
finger marking and increased beauty 
for a more attractive appearance 
and faster sales. 


ON ALUMINUM—An Iridite-Irilac fin- 
ish provides long life under many 
service conditions. Iridite colors 
range from natural aluminum to 
golden yellow. Additional dyes give 
other color ranges. 


ON MAGNESIUM—Irilac over Iridite 
15 increases protection, resists 
damage from handling or abrasion. 
Color range—light to dark brown. 

ON ZINC—Iridite plus Irilac gives 
longer product life, brighter ap- 
pearance. Color range—clear Iridite 
to olive drab, plus colored dyes. 









































IRIDITE—chromate conversion coatings for non-ferrous metals applied by dip, brush 
or spray, at room temperatures manually or with aut q t, Provides 
corrosion resistance, a base for paint or decorative appeorance. Forms @ thin film 
integral with the metal. Cannot chip, flake or peel. No special equipment, exhaust 
systems or specially trained personnel required. 


IRILAC—Clear protective coatings for all metals, Safe and easy to handle os water. 
Apply by dip or brush. No exhaust or special fire prevention equipment required. 
Adds protection and abrasion resistance to base metals, plated parts or parts 
treated with electrolytic or chemical post treatments without chemical change. 

















For complete technical information on IRIDITE or 
IRILAC coatings, write for FREE TECHNICAL MANUAL. 
Or, see your Allied Engineer. He's listed under “Plat- 
ing Supplies” in the yellow pages. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 

BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

Wed Coos Licensee fer Process Chemicals: | M. Butcher Co. 

Fw epeon Agen! Story Cromberge Sergetes 10 Sheckhele, Swedes 

Chemo! and Electrochemco! Processes, Anodes, Rectifiers, Equpmen end Supple: fer Metal Finiching 


CD° | IID*| "| ELD") CIID 
Cvomates Coatings Brightenens Sp otes Cn menmere 
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HOW CURTIS 
SOLVED A CLOSE 
CENTER-TO-CENTER 
PROBLEM 


The close center-to-center spac- 
ing of these drive spindles on a 
Sutton-Maust Precision Backed- 
up Roller Leveler created a 
tough problem for its manu- 
facturer. He needed a uni- 
versal joint strong enough to 
stand up under heavy rolling 
mill conditions, yet small enough 
to operate at such close quarters. 

The answer was a Curtis uni- 
versal joint! The maximum load 
carrying capacity and minimum 
torsional deflection of the Curtis 
joint was found to be completely 
satisfactory. And Curtis’ fa- 
mous Telltale Lock Ring con- 
struction permits quick disas- 
sembly for easier maintenance. 

This is just one of the many 
power transmission problems 
solved by Curtis universal joints 
— size for size the strongest uni- 
versal joints designed for indus- 
try. Selected materials, preci- 
sion engineering, and 40 years’ 
experience manufacturing uni- 
versal joints exclusively make 
them that way. 


WRITE FOR THE NEW 
CURTIS CATALOG, JUST 
PUBLISHED 


14 sizes always in stock ¥%” to 4” OD. 


Not sold through distributors. Write direct 
for free engineering data and price list. 


€ ol F U b T ! S 
c 


UNIVERSAL JOINT CO., INC. 
114 Birnie Ave., Springfield, Mass. 
As near to you os your telephone 
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75 x 1.75 x 2.25 in. other, 1.20 x 2 

x 2.25 in. Weighs 6 to 10 oz, depending 

upon materials and rotary components 

Clifton Precision Products Co Inc, 5050 
State Rd, Drexel Hill, Penna. 

Circle 324 on Reader Service Card 


50 


Dual-purpose valve . . . 
acts as either a quick-exhaust or doublc 
check valve for pneumatic service. Self 
contained unit operates on a pressure dif 
ferential. Used as a quick-exhaust valve, 
it can be mounted on or near the cylinder 
port. The moment pressure from con 
trol valve is released, unit “dumps” ex 
haust air from cylinder directly into atmos 
phere. As double-check or “shuttle” valve, 
it can be used to connect two independ 
ent air supply or control lines to a com 
mon line. Suitable for two-station con 
trol, interlocking and “OR” circuitry 
Measures 1} in. in dia, 24 in. long and 
operates at pressures to 200 psi. Has 
three 2-in. NPT female ports and Neo 
prene diaphragm as only moving part 
Modernair Corp, 400 Preda St, San Le- 
andro, Calif. 

Circle 325 on Reader Service Card 


Plastic tubing . . . 
in flexible or rigid vinyls, polyethylenc 
polypropylene and other thermoplastic ma 
terials, is available with up to 3-in. OD's 
and lengths from ss to 250 ft. Extruded 
to meet specified cross-sectional shape, 
wall thickness, ID and other requirements 
Petro Plastic Co, 16 Quine St, Cranford, 
NJ. 

Circle 326 on Reader Service Card 


Fractional-hp motors . . . 
originally designed for use in lint-laden 
atmospheres, are totally enclosed, non 
ventilated, three-phase, Form G_ units 
rated from } to 3 hp and 220/440, 220 
380 and 550 v. All models are in NEMA 
frame size 56, while }-hp models are 
also available in size 48. Offer continuous 
duty operation at 131 F rise; single- 
shielded ballbearings that carry heavy 
thrust loads and are highly resistant to 
oxidation and moisture; and large built-in 
connection boxes. General Electric Co, 
Schenectady 5, NY. 

Circle 327 on Reader Service Card 


Servoactuator .. . 

contains servoamplifier, servovalve and 
hydraulic cylinder and can be furnished 
with any stroke length from 1 to 6 in 
and with cylinder diameters from 1} to 
24 in Complete with built-in power 


continued on page 85 
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SERIES 5139 
PRONG-LOCK® 


Truarc Rings cut assembly time 60% 


This production advantage was achieved by Swingline, Inc., with two Truarc retaining 
rings: a Series 5139 Prong-lock ring and Series 5144 Reinforced E-Ring. They also 
saved $25 per thousand units and improved the product design by providing resilient 
end-play take-up . . . eliminating looseness or binding in the parts. Truarc dispensers 
loaded with pre-stacked ROL-PAK” cartridges—make ring application simple, fast and 
economical. 

Truare Rings come in 50 functionally different types . . . as many as 97 different 
sizes within a type . . . 6 metal specifications and 13 finishes. Write for Catalog 10-58 
which shows many specific examples of ring applications. For immediate action, call 
your nearest Factory Representative or Authorized Truare Distributor. He’s in your 
Classified Telephone Directory under: ‘‘Rings, Retaining.” 


- 


WALDES i. TRUARG 


| RETAINING RINGS 


WALDES KOHINOOR, INC., 47-16 Auste! Place, Long Isiand City 1, N.Y. 
9 OUT OF 10 PRODUCTS CAN BE IMPROVED WITH TRUARC RETAINING RINGS 
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solve your 
insulation and 
permeability 
problems with 


Stoner’s SMR has broken through 
the thermal sealant barrier that 
has faced the missile and rocket 
industry for many years. 

The varied shapes and forms that 
this versatile material has taken 
includes: chamber sealants; liners; 
insulation for head closures; high 
temperature insulation; prefab- 
ricated proofed sleeves and 
bladders, as well as other 
critical applications for rocket 

1 components. 

; SMR is also being used to advan- 
tage in plastic molding compounds 
and pre-preged laminates. 

THE ‘HEART’ OF 
THE MARKITE Instrument Specialties’ cantilever *SMR Is a special Silicone Modified 
POTENTIOMETER springs provide high reliability in —e a 
potentiometers, servomechanisms, 
electro-mechanical controls and in- Photo of Rocket Chamber courtesy of 
struments for aircraft, missiles and ee Sa 
similar continuous-duty applications. 


Employed in Markite conductive plas- 

tic precision potentiometers, I-S be- 

2 ryllium copper cantilever springs 

maintain their high spring forces... 

thereby complying with Markite’s 

Le. gn oe ag standards for infinite resolution and 
ance track and take-off minimal contact noise over an opera- SMR PROVIDES A TOUGH FREE IDEA CATALOG. 


ee of conmeesve plee- tional life span of more than 50 mil- THERMAL LINER AND Technical Information on 
= Someees © on in. lion revolutions RELIABLE SEALANT FOR SMR and other Stoner 
sulator base. 2. An |-S - MISSILE AND ROCKET products in this 24 page 
i ages dual ene CHAMBERS. This unique catalog will note ou 
wi recious meta If you have a sprin roblem—Ask I-S engi- rubber has exceptional solve your rubber 
wipers); maintains con- neers for a seaumelonmaiion on your specie high bond strength at problems. 

tact with conductive application; or request catalog elevated temperatures 


en ge 2000 ene containing complete data on I-S 
100g shock and 100g oe. Beryllium Copper Compression A subsidiary of ay 
7, 


Springs, Flat Springs, Contact \ : 

- , 

celeration! Strips, Strip Springs, Contact CARLISLE CORPORATION \» CRY, / 
Rings and Screw Machine Parts. oat 


ee | INSTRUMENT SPECIALTIES TONER RUBBER 
| COMPANY - INC. COMPANY, INC. 


234 Bergen Bivd., Little Falls, N. J.—Telephone: CLifford 6-3500 10792 Knott Ave. Anaheim, California 
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supply, so command can be either by 
potentiometer or external electrical signal 
Output thrust at full piston speed is up 
to 5 tons; speeds are up to 40 in. per 
sec; and frequency response, up to 40 
cps (90° lag). Integral mounting of feed 
back coupling is said to permit a posi 
tioning accuracy of better than 1 part in 
1000. Amplifier is solid state and re 
portedly operates over wide temperature 
range. CompuDyne Corp, Hatboro, Penna. 

Circle 328 on Reader Service Card 


Ac, de switchboard 
instruments .. . 


have 1% accuracy range and are said to 
be priced 10 to 20% below other avail 
able models. Included in ac instruments 
are voltmeters, ammeters, frequency 
meters, wattmeters, varmeters, power fac- 
tor meters and synchroscopes. In the dc 
group are ammeters and voltmeters. Con 
vex-curved, shadowproof, molded lucite 
covers permit 120° readings. Scales and 
pointers mounted in same plane are said 
to eliminate paralax error, and element 
shielding permits mounting on magnetic 
or nonmagetic panels. Instruments have 
180° scales. Scale length is 5.] in. and 
flange diameter, 44 in. sq. General Elec- 
tric Co, Schenectady 5, NY. 

Circle 329 on Reader Service Card 


Vibration- and shock-resistant 
motor... 

has a cast cylindrical, non-oriented, cer 
amic field magnet, permanently stabilized 
so that it does not demagnetize in extreme 
temperature changes or during operation 
in an ac magnetic flux environment. Orig- 
inally designed for government weather 
satellites, unit is suitable for integration 
and timing devices, recorders, high-speed 
blowers and dc servo controls. Ceramic 
field shields armature flux from outside 
electronic circuits. Can be furnished with 
internal RF filters to eliminate objection- 
able frequencies, as well as a governor to 
control armature speed when an appli 
cation requires accuracy within 0.5% of 
nominal speed under wide terminal volt- 
age and load torque variations. Unit is 


continued on page 87 
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GARDNER-DENVER ROTARY 
_AIR MOTOR—Ye TO 1% HP. 


Easily mounted by face plate or 
inting bracket—makes motor 


ptabie to any setup. 


Want new design ideas? Check air power 


Gardner-Denver air motors offer control flexibility, vibrationless opera- 
tion, high torque at any speed, freedom from overload damage and 
spark-free operation. And remember, Gardner-Denver products are 
backed by factory-trained specialists in our plants and offices through- 
out the world. Parts and specialized service are always available. For 
details, call your Gardner-Denver air power specialist, or write for air 
motor bulletins. 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Ave., Toronto 16, Ontarie 
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a Nl ( ’ It is! This heavy 
duty switch handle 
was formed by 
Titchener from %” 

PA RTS coiled steel wire. 


Here’s the other end 


we can produce molded rubber pr extruded flexible viny! parts of the scale, a small 
to yam specificapoms and your production schedule 

ra ay 
ofl gare tes » . FULL SIZE of .047” round steel 


lamp guard made 


OR THE MILLION wire. Electric-welded 


construction — two 





rings and two legs. 





FULL SIZE 


FREE! wo osziearion 
Our facilities for automatically forming wire com- 


e If it can be molded from solid ponents and welding wire assemblies can solve 
? _s problems, save money. All sizes of wire from %” to 
rubber or extruded from flexible .047"— many metals, finishes, too. Engineering con- 


sultation is available for the asking. 


viny! plastic, Republic Rubber can 
do the job. This folder shows how 
and why. Send for a copy today. 


mp REPUBLIC RUBBER DIVISION 


. 
LEE RUBBER & TIRE CORPORATION, YOUNGSTOWN 1, OHIO design 


INDUSTRIAL RUBBER PRODUCTS handbook 


(_] Send illustrated folder described above. 
(] Send quotation per attached sketch, drawing, 


blueprint, sample, letter. Write for your copy today! 
NAME____ 


TITLE a li : e 
“hrnener 
COMPANY____ ae come a . 
ADDRESS___ Cames o=wrie AND COMPANY 
66 CLINTON STREET, BINGHAMTON, NEW YORK 
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Automatic 
Sequencing 
Controls 


AiResearch’s design and manufac- 
turing capability covers many types 
of automatic sequencing controls 
such as those for missile ground 
checkout, controlling drone and 
missile flight profiles, and auto- 
matic elevation and leveling of 
radar antennas and missiles. 
Above is an AiResearch sequence 
controller for cabin temperature of 
a jet airliner. It assimilates 25 sen- 
sor element inputs and supplies 
command signals to 18 amplifier 
channels. Consisting of servo- 
operated potentiometer cards, cam 
switch programmer and other 
electromechanical components, it is 
another example of AiResearch’s 
over-all ability to design and pro- 
duce intricate and complicated 
servo systems. 
* The most experienced company 
in the development and production 
of control systems for airborne 
and ground use, AiResearch is an 
industry leader in electromechani- 
cal systems and components of all 
types for aircraft, ground handling, 
ordnance and missile systems. 


OTHER ELECTROMECHANICAL 

COMPONENTS AND SYSTEMS 
AC and DC Motors, Generators and 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators + 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors * 
Programmers * Missile Launchers + 
Radar Positioners * Power Supplies ° 
Williamsgrip Connectors 


Your inquiries are invited. 


AiResearch Manufacturing Division 


Los Angeles 45, California 
RNS STERN NR RS A oo 
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said to be as high as 54% efficient through 
high flux utilization; requires very low in 
put current at full load; and has power 
outputs equal to motors 50% larger. Uses 
axially pre-loaded ballbearings which con 
trol radial play and eliminate noise, vibra 
tion and Weighs less than 
24 oz and measures j in. in dia and less 
than 2 in From stock at $14.50 
each in quantity. Reflectone Electronics 
Inc, Stamford, Conn. 

Circle 330 on Reader Service Card 


looseness 


long 


Nylon cable clamp . . . 
holds fastener captive in arm. In 
stalled from one side of supporting struc 


one 


ture, clamp is secured by pressing plunger 
in. This action expands grommet behind 
supporting structure and locks the assem 
bly. Unfastening is accomplished by lift 
ing plunger. When clamp is prelatched 
not 
Clamp supports loads up to 75 


prior to installation, tie wraps aré 
needed 
Ib and can be used in temperatures from 
—20 to 150 I Hartwell Corp, 9035 
Venice Blvd, Los Angeles 34. 
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Permanent-magnet de motor.. 
measuring 1 in. in dia, is available in 
three lengths and for use on any voltage 
from 6 to 115 v dc 
housing and square brushes, retained by a 


Has explosionproof 
constant-pressure spring I'ypical charac 


teristics of 27-v unit include: 1 o0z-in 


torque; 17 mhp; 17,000 rpm; 0.85 amp; 
23 w; and 53% efficiency. Electrical Com- 
ponents Div, Barber-Colman Co, Rock 
ford, Til. 


Circle 332 on Reader Service Card 


Snap-action relay . . . 

is a plug-in, enclosed 2PDT unit, said to 
be priced substantially less than other 
Solenoid 
positive and life of relay is limited only 
by snap-acting switches, each rated at 10 
amp, 120 v ac; 5 amp, 240 v ac; and 4 
hp at 120 or 240 v ac. Entire unit, in 
cluding molded nylon enclosure but ex 


plug-in assemblies action is 


cluding pins, measures 24% x 14 x 14% in 
Eight-pin octal plug is standard. Warco 
Industries Inc, 569 Melville, St Louis 30. 

Circle 333 on Reader Service Card 


Lineal switches . . 

are said to operate through at least 50 
million cycles with no measurable contact 
resistance. Units are sealed in molded 
cases which are weather impervious and 
provide operating range of from —60 to 


continued on page &* 


it's new 
it seals 
It saves 


Pressure Increases 
Seoling Acti 


Leakproof Threads 


it's DELRIN' 


Another RB&W development from 
Delrin plastic, this new threaded 
plug replaces more expensive metal 
plugs in many hydraulic and com- 
pressor applications. 

It not only saves on cost and 
weight, but also does a better job. 
Fluid pressure forces mating 
threads together, creates a still 
tighter seal, locks threads in place. 

Metal-like mechanical properties 
of Delrin provide excellent 
strength, dimensional] stability, 
rigidity. Count also on resistance 
to corrosion and solvents. 

Available in %, %, %, %” pipe 
sizes. Send for samples. 

Ask about other parts you would like 
custom-molded from Delrin, or other 
thermoplastics, in production quantities. 


Write Russell, Burdsall & Ward 
Bolt and Nut Company, Port 
Chester, New York. 


*Du Pont trademark 





| 
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GRIPCO TOPLOCK NUT 


You get these 
“extras” when 
you specify 


GRIPCO* 


FASTENERS— 


Y 


— 40 sales representatives all 
over the country for prompt, fast service. 


7) 4, 


— Quality controlled by the 
oldest established lock nut manufacturer 


in the U.S. 


—— Large inventories to ensure out 


—to a wide range of 
in-plant and original 
equipment needs 


—" g 
~—w ei Er etree aes 





A remarkable series of 24,” gauges 
brings you quality, accuracy and stamina 
—along with REAL economy! 


All have strong 214” bonderized case and 
brass screwed ring with bevelled glass. 
All have new Marsh “Read-easy” dial. 
All are standard with Marsh “‘Recalibra- 
tor.” Every gauge is guaranteed accurate 
within 1% of dial reading. 


Ranges: 
15-30-60-100- 
160-200-300- 
600-1000 Ibs. 
and30” vacuum 
Ye" bottom 
connection. 


GRIPCO PILOT- PROJECTION 
WELD NUT 


Two types cover wide range of needs: 
Type 11 has silver-brazed copper alloy 
bourdon tube and bronze-bushed move- 
ment. Type 11S has 316 stainless steel 
bourdon tube with 303 stainless tip and 
socket; stainless steel and monel move- 
ment. 


Ask For 
New Bulletin 


MARSH INSTRUMENT COMPANY Dept. 39, Skokie, Ill. 
Division of Colorado Oil and Gas Corporation 


Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Edmonton, Alberta, 
Canada ¢ Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas e Eastern 
Seaboard Warehouse: Marsh Instrument Company, 1209 Anderson Ave., Fort Lee, N.J. 


GAUGES « THERMOMETERS « VALVES 
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GEAR MATER)g, 


Which w 
INSTRUNEN Woars Best? 


of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of Gripco FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Grirco”’ for the one 
nearest you. 


Other Gripes Products: 


® Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

® Toplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


Send fer samples and NEW CATALOG today 


GRIP-NUT company =” 


“y 


Ya? 


GRIPCO CENTERLOCK NUT 
Locking feature in the 
center for fast feeding 
Can be applied from either 
end 


eo om 
10) 
— =» 
rr ese 


fe et 


GRIPCO COUNTERSUNK 
WELD NUT 


Witt r without elf 


Write or wire today for 
reprint of tests by R. J. Benson 


of 
BELL TELEPHONE LABORATORIES 


| SINITE D-10S, a product of Booker-Cooper, Inc., shows ex- 
| cellent wear characteristics in independent tests performed 
at Bell Telephone Laboratories. 


| 
oe annem Five pages of test data covering a wide range of materials 
cael yee ie | (reprint from Product Engineering) is yours upon request. 
| See how Sinite D-10S, a self lubricated material, compares: 
in temperature range... in back lash. . . in wear life. 





6940 FARMDALE AVENUE 





Subsidiary of Heli-Coil Corporation, BOOKER-COOPER, INC. 


Danbury, Conn. 


NORTH HOLLYWOOD,CALIF. 
SOUTH WHITLEY, INDIANA TR. 7-7105 


102 MAPLE AVE. 
Phone: South Whitley 723-5111 
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TUBING 
QUALITY 
...PLUS 


@ Quality in small tubing starts with 
the careful selection of redrawing 
stock. It must be of the correct analysis 
and free of flaws throughout. 


Next, quality depends on applied 
know-how. UNIFORM’s craftsmanship 
meets extremely close tolerances on 
O.D., I.D. or wall dimensions—down 
to +0.00025 inches. UNIFORM'’s skill 
provides fine finish, exact temper, 
square-cut ends free of burrs or dis- 
tortion, and perfectly straight tubing 
protected during shipment by modern 
packaging. Then, if tubular parts are 
to be fabricated “‘at the mill,’’ tubing 
quality is maintained through unusual 
ingenuity in the design and construc- 
tion of special jigs, fixtures and 
production equipment providing intri- 
cate conformations with precision. 


Quality is paramount at UNIFORM 
TuBEs. Whether you need tubing to 
meet standard specifications or have 
special requirements, come to UNIFORM 
for the answer in both tubing and 
fabricated parts supplied in many 
alloys of steel, copper, nickel, alumi- 
num and the precious metals. Send us 
your specifications for quotation. 


UNIFORM TUBES, 


ING. COLLEGEVILLE 2 


HUxley 9-7276 TWX VI 44 


PA 
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250 F. Each of 16 contact arrangements 
is available in four different coil voltages 
for a total of 64 variations. Coils are 6, 
12 and 24-32 vy ac and 115 v de. From 
stock. Elotec Corp, 1425 N Lidcombe, 
El Monte, Calif. 

Circle 334 on Reader Service Card 


Cable retractor... 
for use with rack-mounted 
equipment meets extreme environmental 
conditions, partially through use of a 
stainless steel expansion cord, and with- 
stands temperatures from —100 to 330 F. 
Adjusts automatically from min to max 
extension and provides positive stop on 
return swing. Unit is made of cold rolled 
steel, finished with a cadmium plate and 
iridite dip, and all moving parts glide on 
a solid film lubricant. Priced at $6.95 
each in quantities of 1000 and $11.60 in 
quantities of 1 to 10. Vent-Rak, Dept 
119, 525 S Webster, Indianapolis 19. 
Circle 335 on Reader Service Card 


electronic 


Precision meter .. . 
is reported to be 0.025% accurate in its 
electrical measurements as a result of di 
rect sampling, followed by expansion of 
anv 10 divisions to cover a full 100-division 
scale. ‘Two-step method eliminates guess 
work, hunting for scales and possibility 
of missed readings. By electrically folding 
effective 5-ft scale into 10 equal sections 
(each 6 in. long), the third significant 
figure can be read exactly and the fourth 
figure estimated to 4 of a division. In 
strument has overload capacity of up to 
25,000,000% in some cases. Available 
for portable or panel use. Greibach In- 
struments Corp, 315 North Ave, New 
Rochelle, NY. 
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Straight-cable plug . . . 

for RG-188/U or other cables with similar 
component diameters, has crimp-on de- 
sign which is said to reduce assembly time 
by 60% compared to clamp-on designs 
Provides a screw-on connection for 50-ohm 
cables mating with cable and bulkhead 
jacks, bulkhead receptacles, cable feed 
throughs, right-angle printed wiring re- 


continued on page 91 


MEMBER 
SEE YOUR NEAREST BOND DISTRIBUTOR 


or check with Charles Bond Co. 
for: speed reducers—gears—flex 
ible couplings — sprockets and 
chains—universal joints—collars 
—pillow blocks. 


Write for Catalog No. 100 


CHARLES BOND 


| GD company 


617-23 Arch Street, Phila. 6, Pa. 
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iDGET Rotary WECKESERE 


Torque Actuator SCREWS 


and 
NUTS 


Acid resistant... 
“a Need no insulation... 
BOOTH 100 Can't rust... 


DESIGN Can't corrode... 
ENGINEER- 


wed CUT ASSEMBLY TIME 
SHOW 


“ 2-56, 4-40, 6-32, 8-32, 10-32 and 3-20 in 
DETROIT stock. Actual production samples will 
give you the whole story. Write on 
your letterhead. 


| WECKESSER COMPANY 


5705 Northwest Hwy. Chicago 46, Ill. 
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: : ee T LING CHARGE! 
Rotate or oscillate it in any arc to 270° with either keyed os 


shaft or body rotating. | i i id Hh i 


Power it with air, oil or fire-resistant fluids. 


= : en 
Use it to lift, lower, turn, rotate, index, clamp, transfer, 

toggle, press, load, unload, oscillate or turnover. 

Mount it vertically, horizontally, or at any angle. i 


Control it with simple valving for starting, stopping, slowing- 
down or speeding-up. 


Apply it wherever you need instant torque and controlled 
rotary power. Current uses include: instrument and com- 
puter designs, small parts handling, remote control of 
valves and switches, and other light applications. 


Count on itto measure-up to your needs. New Midget Rotac 
is only 2” x 2” x 2", weighs just 12 ounces (single vane 
model), with torque ratings up to 80 inch-pounds at 300 
psi input (double vane model). 


Examine its design by sending today for free design data 
book—gives engineering data, power ratings, mounting 
details. Or call your Rotac Representative for details. 
216 728 "3 ss m 
Wide selection molded plastic knobs, handles, 
EX-CELL-O hand-wheels at no tooling charge! Minor 
FOR PRECISION changes (inserts, threads, color, etc.) to suit 
(" requirements. Other modifications give your 
(KLD) * part a look of exclusive design at fraction - 
new mold cost! Write for complete illustrate 
ee a ae ; catalog, or see Sweet’s Product Design Cata- 


Greenville Plant, 945 E. Sater Street - Grenile, Ohio log File. 


MACHINE TOOLS » GRINDING AND BORING SPINDLES ITTING TOOLS 
} mM R 


een! §6DIMCO-GRAY COMPANY 


N PART ATOM ENERGY 
EQUIPMENT Ex} fs) SIXTH STREET © DAYTON 2. OHIO 
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ceptacles and regular right-angle recepta 
cles. Cable connection is made by dressing 
cable components, slipping a sleeve over 
cable, inserting cable into connector body, 
sliding sleeve into position and crimping 
with standard tool. Finished assembly is 
said to be stronger in pull-out strength 
than cable itself. Selectro Corp, 610 
Fayette Ave, Mamaroneck, NY. 

Circle 337 on Reader Service Card 


Four-bulb switchlight . . . 
can be rebulbed or color, lens or legends 
changed without special tools. Switches 
which clip to rear of unit include 2PD1 
and 4PDT momentary action, 2PDT al 
ternate action, and magnetic holding 
Withstands shock of 20 g’s for 10 milli 
sec in all three planes; vibration of 10 
g’s to 500 cps; and ambient temperatures 
of 159.8 F for 48 hr with all four lamps 
illuminated at rated voltage. Other speci 
fications 1000 v. 
rms min at sea level; and insulation re 
Accepts 
four industry type 327 bulbs and has cor 
rosion piercing bulb contacts. Display area 
can be split horizontally or vertically. 
Master Specialties Co, 2760 Cheryl Ann 
Ct, San Jose 24, Calif. 

Circle 338 on Reader Service Card 


include: dielectric of 


sistance of 100 megohms min. 


Plastic fuel-filter . . . 
for small engines, reportedly will not re 
duce fuel flow even though it traps dirt 
particles as small as 0.002 in. Nipple can 
be turned to any position around 360° by 
loosening a screw. Removing same screw 
allows filter to be taken apart for cleaning 
Tillotson Mfg Co, Toledo, Ohio. 

Circle 339 on Reader Service Card 


Precision synchronous 
motor... 

1% in. in dia by 2% in. long, operates on 
24 v, 60 cps but can be supplied with 
windings to operate on other voltages up 
to 300 v, 60 cps. With synchronous speed 
of 1800 rpm, motor has starting and syn- 
chronous torque of 0.70 in.-oz. Tempera- 
ture limits are 0 to 140 F. Said to be 
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commercially priced and suitable for dictat- 
ing and recording devices, timers and con- 
trols or wherever constant speed drive is 
required. Weighs 7 oz and operates on 
12.5 w. Can be reversed by switching 
connections. Thomas A Edison Industries, 
Instrument Div, 61 Alden St, West 
Orange, NJ. 
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Size 11 servomotor.. . 
has integral friction brake controlled by 
an electromagnet. Spring-energized brake 
stops and holds rotor at desired position, 
preventing it from turning or “creeping”’ 
under high vibration or shock. Electro 
magnet, energized by 24 v dc, disengages 
brake, allowing motor to run. Braking 
time is 8 revolutions max, measured from 
a no-load speed of 6200 rpm Motor 
operates on 115/115 v, 400 c, and is 
suitable for use where a motor and gear 
head are mechanically coupled to a com 
puter component. Thomas A Edison In- 
dustries, Instrument Div, 61 Alden St, 
West Orange, NJ. 
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Mylar drafting film .. . 
available in blue-tint or white, accommo- 
dates any ordinary graphite pencil, from H 
to 511, and regular india ink. Lies flat on 
board; erases without leaving “ghosts”; 
resists tearing, cracking and abrasion; re 
portedly will not chip, crack, peel or 
wrinkle; and re-inks without feathering. 
B. K. Elliott Co, 536 Penn Ave, Pitts- 
burgh. 
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Semiconductor load cells . . . 
have min of 1-v output at capacity load 
Use semiconductor strain sensitive ele- 
ments which form a Wheatstone bridge 
whose resistance change is proportional to 
applied load or deflection. Resolution is 
limited only by readout instrument. Re 
peatability is stated at better than 0.1% 
l'emperature comparable 
with top strain gage transducers, is less 
than 0.01% per deg F for thermal coeff 
cient of sensitivity and 0.005% per deg F 
for thermal zero shift. Available in range 
from +4 to +100 Ib. Kulite-Bytrex Corp, 
50 Hunt St, Newton 58, Mass. 

Circle 343 on Reader Service Card 


compensation, 


For Precise 

Control of 
| Pressurized 
Fluids... 


Reliable Cartridge 


RELIEF VALVE 


Eliminates connectors, 
fittings and lines. 
Reduces leakage points, 
Simplifies maintenance. 
Reliable. 

Noiseless. 


® Simplified circuitry, reduced 
weight and greater design freedom 
are other advantages offered by 
this direct acting relief valve. Used 
in a multi-stage manifold, this 
valve can be removed without dis- 
connecting any lines. It is just 
one of many fluid flow and pressure 
control valves Fluid Regulators 
has designed and manufactured to 
meet exacting specifications. 


TYPICAL PRESSURE-FLOW CURVES 
400 pee qenmny , 


300 _—_ a | 
00 








PRESSURE PSI 


FLOW IN GPM 


SPECIFICATIONS: 


@ Operating Pressure: 
Three ranges 75 - 500 psi 
© Burst Pressure: Above 5,000 psi 
Cracking Pressure: 
Externally adjustable 
Internal Leakage: Drops per minute 
External Leakage: Zero 
Fluids: All fluids compatible with stain- 
less steel and anodized aluminum 
®@ Temperatures: —65°F. to +275°F. 
® Weight: 6 oz. 
® Part No.: 7385 
This valve can be furnished with a 
body and to meet user's pressure 
and flow requirements. 


Write for detailed literature 


| saa 
egulators 


CORPORATION 


313 Gillette Street © Painesville, Ohio 
ELmwood 2-3319 
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-E LEXAN’ POLYCAR 


STRENGTH LEXAN resin has an impact 
strength of more than 12 foot-pounds 
per inch of notch — higher than any 
other plastic! This toughness, plus heat 
resistance and good electrical proper- 
ties, make LEXAN resin an outstanding 
choice for 3-pole connectors used in 
rugged service on electric trucks. 


Russian for Scientists 


DENNIS WARD. Macmillan Co, 60 Fifth Ave, 
NY. 81% x 514, 204 pp. $3.95. 


If you want to read engineering 
articles in original Russian, without 
the necessity of first becoming an 
amateur linguist, this book may pro- 
vide the answer. It stresses only the 
essential grammar, passes lightly over 
pronunciation, and goes on to give 
do-it-yourself examples based on actual 
scientific literature. In the beginning 
chapters,’ the written (cursive) and 
printed versions of each word and let- 
ter are given, in case you want to 
write Russian. Included is a 25-page 
Russian-to-English word list. Author 
is the Head of the Russian Depart- 
ment of the Univ of Edinburgh. 


Elements of Electronics 


H V HICKEY & W M VILLINES JR. McGraw-Hill 
Book Co inc, 330 W 42nd St, NY 36. 614 x 
914, 549 pp. $6. 


A mechanical engineer trying to 
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HEAT STABILITY Lampholder terminal 
block is used inside electronic equip- 
ment where heat is difficult to dissipate. 
LEXAN polycarbonate resin replaced an- 
other thermoplastic which melted under 
severe thermal conditions. LEXAN has 
a heat distortion point as high as 290°F. 
Also keeps high strength in sub-zerocold. 


——I| 


learn electronics—or a college student 
preparing for his second year in elec- 
tronic engineering—can benefit from 
this simplified but thorough text. 
Fifty chapters carry the reader from 
basic physics, through simple devices 
and circuits, into electrical engineer- 
ing concepts such as ac machines and 
theory of inductance, and finally into 
discussions of tubes, power supplies, 
transmitters, receivers and transistors. 
All of the book is in straightforward 
language; the first edition (of which 
this is a complete revision) was suc- 
cessful in the training of armed-forces 
technicians. 


Centrifugal Pumps 


IGOR KARASSIK & ROY CARTER. F W Dodge 
Corp, 119 W 40th St, NY 18. 7’ x 10, 496 
pp. $15.75. 


Contains information covering the 
entire field of centrifugal pumps, their 
appurtenances, and control. It de- 
scribes and illustrates most of the 


ELECTRICAL PROPERTIES A_ good 
dielectric, LEXAN resin is non-corrosive 
even when used with very fine Class F 
magnet wire. Coil forms must not distort 
at temperatures above 200°F under 
stresses caused by tightly wound wire. 
LEXAN resin provides high heat distor- 
tion temperatures under load. 


common types of pumps, including 
vertical, self-priming, and regenera- 
tive types. Typical chapter headings 
are: pump performance; controls, driv- 
ers, and priming; services and selec- 
tion; and installation, operation and 
maintenance. The book primarily is a 
practical state-of-the-art presentation 
showing what pumps can do and how 
they are used, and has many illustra 
tions of pumps and drives. It is not a 
theoretical-design text. The 15-page 
data section in the back has many 
useful hp and pressure-loss charts, 
equations, and viscosity tables. 


Other Books of Interest 


ASTM Standards— 
Non-Ferrous Metals, 
Electronic Materials 


American Society for Testing Materials, 1916 
Race Street, Philadelphia 3. 6 x 9, 348 pp. $4. 


Heat Treatment and Properties 
of Iron and Steel 

T G Digges, S J Rosenberg. National Bureau 
of Standards, US Dept of Commerce, Washing- 
ton 25, DC. 8 x 10%, 40 pp. 35¢. 


Relativistic Electron Theory 
M E Rose. John Wiley & Sons Inc, 440 Park 
Ave South, NY 16. 6 x 9Y2, 302 pp. $9.50. 
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BONATE RESIN 


DIMENSIONAL STABILITY Card Guide 
for business machines is molded to 
close tolerances . . . must undergo min- 
imum change in dimensions during 
service. Parts show excellent dimen- 
sional stability under moist and high 
temperature conditions. LEXAN resin 
meets self-extinguishing requirement. 


Mechanics of Solids and Fluids 
R R Long. Prentice-Hall Inc, Englwood Cliffs, 
NJ. 6 x 94%, 156 pp. $9. 


Transcendental & Algebraic 

Numbers 

A O- Gelfond. Dover Publications Inc, 180 

Varick St, NY 14. 5% x 8, 190 pp. $1.75. 
An English translation of the first Russian 

edition. 


Algebraic Equations 
E Dehn. Dover Publications Inc, 180 Varick St, 
NY 14. 5% x 8, 208 pp. $1.45. 

Unabridged and corrected paperback edi- 
tion of work first published in 1930. 


ABSTRACTS 
FROM THE LITERATURE 


Reliability in Relays 

With the “envelope” established by 
the technical requirements of existing 
specifications, standard relays can be 
and are being produced significantly 


more reliable than the minimum 
called for by the specifications. In 
fact, all standard relays can be made 
even more reliable by certain varia- 
tions in material, design or construc 
tion detail, which are already known 
to relay manufacturers, and can be in- 
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TRANSPARENCY Stock shapes and film 
of LEXAN polycarbonate resin have ex- 
cellent transparency. Bar stock is easily 
machined; film can be thermoformed, 
heat-sealed and solvent-sealed. Combi- 
nation of clarity, toughness and mallea- 
bility gives LEXAN resin the design 
capabilities of a transparent metal! 


corporated into the product provided 
there is an incentive to do so. 

The procedure described in this pa- 
per proposes that specified test pro- 
cedures should be revised to provide: 
(1) a method of classifying relays into 
different levels of reliability by speci- 
fying appropriate life test sampling 
procedures, and (2) an incentive to 
improve relay reliability by means of a 
qualification provision which identifies 
each relay with the reliability level it 
has attained. 


“Reliability Provisions in Specifications for 
Relays,” by Charles J. Brzezinski, Office of the 
Assistant Secretary of Defense (Supply & 
Logistics). Published in NARM Relay Symposium 
Papers at 8th Annual Relay Symposium at 
Stillwater, Okla. 


Valve Sizing for Flashing 
Liquids 

Of the various methods proposed 
for sizing control valves for flashing 
liquids, the one based on the down- 
stream density of the liquid-vapor mix- 
ture seems the most accurate. With 
the aid of specially constructed curves 
and known inlet conditions, the in- 
strument engineer can size a valve 
with a few simple calculations. The 


TOUGHEST 
OF PLASTICS! 


LEXAN OPENS UP NEW OPPORTUNITIES... 
Even before LEXAN entered large- 
scale production, manufacturers, 
impressed by its exceptional proper- 
ties, developed and field tested over 
300 applications. G.E. participated 
in these developments. With the 
opening of new G-E facilities capa- 
ble of producing millions of pounds 
of LEXAN per year, the price of 
this versatile thermoplastic has 
dropped dramatically — over 40% in 
a single year. This fact alone has 
brought many new products within 
the range of feasibility. Can you 
afford to overlook the opportunities 
presented by LEXAN? Send for de- 
tails on price, properties, applica- 
tions and G-E’s technical assistance 
program today! General Electric, 
Chemical Materials Department, 
Section PE-41, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @ ELECTRIC 
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author explains the development and 
use of such curves, and presents usabl« 
charts covering six of the more com 
mon process fluids. 


“Accurate Valve Sizing for Flashing Liquids,” 
by A J Hanssen, Conoflow Corp. Control Engi- 
neering, Feb ‘61, p. 87, 330 W 42 St, New 
York 36. 


Adjustable-speed Drives 

Discusses speed, contro] and brak 
ing characteristics and capabilities of 
some types of variable speed drives, 
such as motor-generators, electronic 
rectifier, saturable reactor, metallic 
rectifier, eddy-current coupling, me 
chanical. 


“How to Select an Adjustable-speed Drive,” 
J. W. Harper, General Electric Co. American 
Machinist/Metalworking Manufacturing, Dec 
12, ‘60, 330 W 42nd St, New York 36. 


Cushioning Materials 


The increased use of energy-absorb- 
ing materials in modern technology, 
has necessitated laboratory study of 
these materials and compilation of 
data for use in system design. The 
paper consists of three parts. The first 
discusses the scaling law for a general 


continued on page 95 
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External ~eeggeecs & Calibration molded in 
one-piece. . durometers 


PRESSURE & VACUUM CONTROLS 


eliminates 
fabricating 
costs! 
~ 
TYPE HS improves 
TYPE 12 quality! 


UNITED ELECTRIC designed these controls for industrial Drain Manifold 
applications where outside adjustment and calibration 60 and 80 Durometer © 


are important factors. Types H5 and H12 accurately increases 
and sensitively control liquid level alarms and air gas Dual durometer 


pressures. The type HS (minimum 2 psi differential) process lets you design 
controls up to a maximum of 500 psi, and the type combine hard- shilitul 
H12 (minimum 3” we differential) up to 180 psi. soft sections in flexibility: 
Uncalibrated, internally adjusted versions of these con- one piece... with one-opera- 

trols are available as type J7 and type J6 respectively. tion economy. Ask to see 

samples! 





Switch Differential. . . . H5 — Uniform on-off differential, fixed 
from 2 psi to 30 psi. 
H12— Dniform én-off differential, fixed GEAUGA INDUSTRIES CO. 


from 3” wc to 2 psi. A Subsidiary of Carlisle Corporation 
MIDDLEFIELD, OHIO 





Switch Ratings 15 amps. at 115 or 230 volts AC, also20 
amps. or DC switches on specification. 
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neutral position. 


Size & Weight...... | HS — oa new setko 


approx. 1 lb. 
Meth ay capramee FLARE-L@K 


1 Ib. 6 or SET SCREW 
Electrical Connection . . Conduit coning in enclosure — 7%’ | WILL NOT SHAKE LOOSE! 


O.D. Internally-located terminal block. ~ 


Die-cast aluminum case with black ; ——s 


wrinkle finish. = 














A +12 
BEFORE FLARE 








H5 — Directly, by 14” female NPT on 
bellows housing; or surface mounted 
by mounting ears on each end of case. 
H12 — Directly, by 14” female NPT on Ss 

bellows housing AFTER FLARE 


H5 Spring loaded, seamless brass, . — SERVICE 
stainless steel or monel. CUTS REPLACEMENT COSTS 
H12 — Spring loaded, seamless brass INCREASES OPERATING 
bellows = EFFICIENCY 
‘ ‘ IDEAL FOR POWER TOOLS, 

. a MACHINERY, ETC. 
Pressure Connections . . 14” female NPT. ager ¢ WHEREVER VIBRATING 

a ae ‘ CONDITIONS EXIST. 



































UNITED ELECTRIC manufactures a2 complete line of HERE’S HOW IT WORKS: The point of the FLARE- 
temperature, pressure, and vacuum controls. UE will LOK set screw is specially formed to flare out when 
gladly modify or custom-build a unit to meet your it is tightened against a bearing surface. The thread 
specifications. Consult a UE application engineer gap is closed just enough to prevent loosening or 
sotay. ; , shaking free due to vibration, etc. Yet, the screw 
Write for Bulletin No. 5-5 for complete may be removed without damaging the mating 
HS data and threads. You can get them in hex socket, slabbed 

Bulletin No. 5-2 for complere H12 data. or slotted heads. 
WRITE FOR FREE “‘FLARE-LOK” TEST 
SAMPLES and full 


> United Flectric Controls Werk Sc” 


COMPANY pitted 
TREET, WATERTOWN, MASS 153 Main Street, Serticrt, Iilinels 
723 
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DESIGN LITERATURE.........continued 


cushioned system. The second part 
introduces a simpler scaling law which 
applies when the system satisfies 
certain conditions relating to the 
geometry of the system and the nature 
of the material. The third section 
presents data on a variety of materials 
in the higher energy ranges. Included 
are some foamed plastics rubber com- 
pounds, metal honeycombs, and 
foamed metals. 


“Data Presentation for Cushioning Materials,” 
by W. G. Soper, R. C. Dover, University of 
Mexico. Presented at the 17th Annual Tech- 
nical Conference, SPE, 65 Prospect St, Stam- 
ford, Conn. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. 


VARIABLE-SPEED DRIVES—Catalog 
G-100, 88 pp. Tables cover output speeds; 
torque and hp capacities and prices of 
models in the 4 to 40-hp range. Dimen 
sion diagrams and data for over 100 
assemblies are included. Large cutaways 
show design features. Reliance Electric & 
Engineering Co, 23701 Euclid Ave, Cleve 
land 17. 
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MINIATURE BEARINGS—Catalog 3E, 
16 pp. Contains dimensional data, in 
cluding load factors, and outline of toler- 
ances to which radial flanged, radial with 
out inner race, pivot, miniature roller and 
other types of bearings are made. Includes 
dimensional drawings and cross-section 
sketches showing how bearings are in 
stalled. Landis & Gyr Inc, 45 W 45th St, 
New York 36. 
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METAL FASTENERS AND CORRO- 
SION RESISTANCE-—Brochure Vol 24, 
No 1, 24 pp. Analyzes seven basic types of 
corrosion and shows what kinds of metals 
best resist them. Chart lists 136 corro- 
sive agents and eight metal types that 
resist each of them. Chemically equivalent 
specifications of metal fasteners are cross 
indexed, while chemical and mechanical 
properties are spelled out for each metal 
and alloy used in fasteners. H M Harper 
Co, Morton Grove, Ill. 

Circle 352 on Reader Service Card 


ALUMINUM HARD COATINGS-—Fngi 
neering report, 7 pp. Discusses hard-an- 
odized coatings for upping aluminum-alloy 
wear-resistance and gives specific cost 
figures. Details physical properties and 
results of hardness studies, as well as 


illustrating effect of coating on part dimen- 
continued on page 96 
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NEEDED: 

VIBRATION ISOLATION 
AT BOTH HIGH AND 
LOW FREQUENCIES 


A mount soft enough to isolate vibration in the upper range 
of frequencies generally gives trouble with a low natural fre- 
quency. With sensitive precision equipment, such as airborne 
sighting mechanisms, for example, a mount must work at both 
ends of the frequency spectrum. 


AN) aa 


tm 


MB |SO-DAMP MOUNTS 
CONTROL FULL 
FREQUENCY RANGE ~ 


Resilient rubber sections with equal spring rates in all direc- 
tions (an original MB mount principle) give the MB Isomode 
Mount its high frequency isolation efficiency in any position. 
In the low range, a unique damping mechanism effectively 
restricts resonant build-up; does not affect high frequency 
isolation. Unit also meets MIL-E-5272-A shock requirements. 


WHAT'S YOUR 
MOUNT PROBLEM? 


Iso-Damp mounts can be modified to meet your particular re- 
quirements. Or possibly one of MB’s other standard mounts 
may be the answer to your special vibration control problem. 
Why not let MB’s experienced specialists help find the right 
answer for you. Write us for complete information—ask for 
Bulletin 418-4, 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1076 State Street, New Haven 11, Conn. 
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DESIGN LITERATURE continued 
sions. Curves compare hard coating’s 
abrasion resistance and number of wear 
cycles with that of other materials and 
coatings. Allen Aircraft Products Inc, 
PO Box 271, Ravenna, Ohio. 
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TRANSFORMERS-—Catalog CS-101, 36 
pp. Supplies dimensions and _ electrical 
specifications of approx 900 stock units, 
ranging from military standard to low-cost 
grades. Where applicable, 
performance curves are given. Chicago 
Standard Transformer Corp, 3501 W 
Addison St, Chicago 18. 

Circle 354 on Reader Service Card 


commercial 


VARIABLE-SPEED BELTS—Brochure, 8 
pp. Lists outside circumference, top 
width and number of links in belting 
equivalent in sizes to three other manu- 
facturers’ rubber and wood block belts. 
Includes data on how to measure, install 
and compute prices of types with top 
widths ranging from Iz to 5 in. Man- 
heim Mfg & Belting Co, Manheim, 
Penna 
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COATED FABRICS—Catalog SF-12/60- 
15M, 12 pp. Outlines physical properties, 
performance characteristics and applica- 


tions of more than 200 fabrics, including 
cotton, nylon, Orlon, Dacron, silk, fiber- 
glass and blends, coated with Buna-N, 
Neoprene, natural rubber and special-pur- 
pose elastomers. Tables list characteristics 
of eight textile fibers, effects of chemicals 
on 12 elastomers and a comparison of 
elastomer properties. Vulcan Div, Reeves 
Bros Inc, 1071 Ave of the Americas, New 
York 18. 
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POLYESTER RESINS—Booklets, 12 and 
8 pp. Former describes characteristics, 
fabricating procedures and end uses of 24 
formulations. Latter covers spray-up 
techniques; safety procedures; coloring and 
measuring. Includes chart indicating 
catalyst concentration to be used with 
varying quantities of resin. Plastics & 
Resins Div, American Cyanamid Co, 
Wallingford, Conn. 
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VALVES AND FITTINGS—Catalog 60, 
464 pp. Describes and illustrates hundreds 
of valves and fittings for domestic, indus- 
trial, chemical, hydraulic and other applica- 
tions and traces their dimensions, weights 
and capacities. Discusses metals and ma- 
terials used along with their chemical and 
strength characteristics. Crane Co, 4100 S 
Kedzie Ave, Chicago 32. 
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WELDED STEEL FOR THIN FLAT 
STRUCTURES-Study report, 4 pp. 
Discusses and illustrates use of welded 
steel in designing machine-tool tables, 
loading ramps and similar structures to 
improve rigidity and save weight. Con- 
tains formulas for estimating deflection of 
frame under torsional load and for cal- 
culating torsional resistance of some stand- 
ard structural shapes. Lincoln Electric Co, 
Cleveland 17. 
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LAMINATED PLASTICS, VULCAN- 
IZED FIBER—Condensed catalog, 8 pp. 
Carries physical, mechanical and electrical 
properties; suggested applications, corte- 
sponding NEMA grades; military specs; 
and colors; forms and sizes of 21 laminated 
plastic grades and six vulcanized fibers. 
Taylor Fibre Co, Norristown, Penna. 
Circle 360 on Reader Service Card 


DRILLING AND TAPPING FOR 
INSERTS—Bulletin 765, 12 pp. Explains 
proper procedures for drilling and tapping 
aluminum, magnesium, steel, thermo- 
plastics and other plastics to receive in- 
serts, and discusses tapping problems, their 
causes and suggested remedies. Also treats 
proper selection of tap for boss material, 
tapping lubricants, close-in characteristics 
of magnesium and class of fit. Nomograph 
determines tapping speed and lubricant 





WHY AIR FORCE 
HAS ADOPTED 
MICROFILM FOR 
ENGINEERING 
DRAWINGS 


Recently the Air Force issued new contract requirements 
of vital importance to companies that are doing—or intend 
to do—business with its various activities. In essence, the 
Air Force has made the use of microfilm mandatory for 
most engineering data and records relating to items de- 
livered by contractors and their vendors. 

The new requirements (MCP-71-77) incorporate stand- 
ards and specifications issued earlier by the Department 
of Defense for its Engineering Data Micro-Reproduction 
System. The Air Force move is indicative of the impor- 
tance of microfilm to the government in saving time, 
money, and space. 

The Air Force is convinced that working with microfilm 
is easier than working with paper, that it is more efficient 
and costs less. Filmwork, in other words, is easier and 
more practical than paperwork for engineering drawings 
and records. 

This is not news to the many industries that use micro- 
film today. They know that microfilm is a highly efficient 
and effective production communication tool. They know 
that microfilm can do many jobs much faster and much 
more accurately, with almost fantastic savings in time 
and money. 


3M makes 
microfilm easy 
to use 
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for given size of tapped thread in wide 
material range. Heli-Coil Corp, Danbury, 
Conn. 
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MINIATURE PANEL METERS-—Cata 
log, 4 pp. Illustrates, describes perform 
ance and gives specifications of 1-in. barrel 
dia models; 14-in. ruggedized and long 
scale types; and side-indicator units. Inter 
national Instruments Inc, 88 Marsh Hill 
Rd, Orange, Conn. 

Circle 362 on Reader Service Card 


HIGH-SPEED ROTARY SWITCHES-— 
Brochure, 6 pp. Contains considerations 
in designing own switch for telemetering, 
programming, commutating, sampling, etc. 
Data includes description and outline 
drawings of two standard switch styles; 
pole types and styles; speeds; motors; and 
environmental Instrument 


Attleboro, 


capabilities. 
Development Laboratories Inc, 
Mass 
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CHAIN 


9x 12 in 


PITCH SIZES—Wall chart, 


Lists design hp on vertical axis 


DETACHABLE HOSE FITTINGS— 
Catalog, 8 pp. Specification tables, 
illustrated with cutaways, cover reusable 
fittings and assemblies for medium- and 
high-pressure uses. Sketches show step- 
by-step assembly. Lenz Co, 3301 Klepinger 
Rd, Dayton 1, Ohio 
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AUTOMOTIVE, INDUSTRIAL HARD- 
WARE-Catalog 38-133, 14 pp. Carries 
specifications, and dimen 
sional drawings and data of hood catclies; 
barrel-type fasteners; brackets; 
utility and heavy-duty grab handles; door 
holders; and dovetails and wedges 
Stewart-Warmer Corp, 1826 W _ Diversey 
Pkwy, Chicago 14. 
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photographs, 


hooking 


PART-WINDING STARTING 
TORS—Bulletin 1465, 2 pp 


features of three types and plots torque 


MOo- 


Discusses 


characteristics and connections for part 
winding starting. Century Electric Co, 
18th & Pine Sts, St Louis 3 
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COUNTING INSTRUMENTS-—Catalog 
608.462, 6 pp. Illustrates and outlines 
specifications of dustproof and hermeti- 
cally sealed coin counters, automatic batch 
counters, actuating switches and photo 
Automation Controls 
Co, 8080 


electric equipment 

Div, General Controls 

McCormick Blvd, Skokie, II] 
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PICKUPS AND AMPLIFIERS—Bulletin 
115, 2 pp. Tabulates physical and elec 
trical specifications of magnetic generat 
ing coils used in turbine flow sensors to 
convert rotor motion into an ac signal and 
in tachometers or other motion-sensing 
applications. Waugh Engineering Co, 
7842 Burnet Ave, Van Nuys, Calif. 
Circle 370 on Reader Service Card 


BALL VALVES 


cusses and illustrates design 


Brochure, 4 pp. Dis 
features of 
valves for hydrocarbon service at process 
temperatures below 400 F. Also contains 


dimensional data and drawings. James 
bury Corp, Worcester, Mass 


Circle 371 on Reader Service Card 


and rpm speeds for small sprocket on 
Intersection of two lines 
gives recommended pitch size for power 
transmission chain. Foote Bros Gear & 
Machine Corp, Dept MJ, 4545 S Western 
Blvd, Chicago 9. 
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When data is on microfilm in FILMSORT Aperture Cards, facts that speed production are at 
your finger tips in just 90 seconds. And with a THERMO-FAX “Filmac” Reader-Printer you 
can take more than a look—you can take an enlarged copy in seconds. 


Microfilm really became practical for industry only a few 
years ago when Minnesota Mining and Manufacturing 
Company introduced THERMO-FAX ‘‘Filmac’’ Reader- 
Printers. For the first time, the advantages of a reader 
and a printer were combined in one compact, low cost 
unit. Today there’s a ‘‘Filmac 200" Reader-Printer that 
has a huge viewing screen, simple pushbutton operation, 
makes copy after copy in 18” x 24” size or half size prints 
of engineering drawings and data from microfilm in 
FILMSORT Aperture Cards. A ‘‘Filmac 100" Reader- 
Printer delivers 814" x 11” copies in seconds, too. 
FILMSORT Aperture Cards and ‘‘Duplicard’’ Copy Cards 
long used by government and industry are designed to 
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EPOXY TUBING—Bulletin, 2 pp. D« 
scribes and gives specifications and sizes 
of polyester and epoxy-reinforced glass 
rods, tubes and shapes. 
Co, Walkerton, Ind. 
Circle 368 on Reader Service Card 


TURBINE FLOWMETERS 
10C1505, 6 pp. Outlines 
process and electrical con 


Bulletin 
performance 
characteristics, 
flowme 


Polygon Plastic nections for two propeller-type 


ters that transduce liquid velocity to 


continued on page 99 


meet military specifications and standards. These are 
the punch cards that make microfilm so easy to file, find, 
and use. 

FILMSORT Microfilm Copiers, Mounters, and Readers 
are designed exclusively for FILMSORT Aperture Cards. 
They are engineered to make your microfilm system 
profitable. 


Get the proof! 


For complete information on how 3M makes microfilm so 
easy to use, for details about military microfilm standards 
and specifications, and for a free copy of ‘‘How to Put 
Microfilm to Work,’’ mail this coupon today. 


Piease rush me (1 information on how 3M makes microfilm so 
easy to use, (1) details about the Department of Defense speci- 
fications, 0 free copy of *‘How to Put Microfilm to Work." 


Name___ Title 
Company__ 

Address 

City Zone 


3M 


BRAND 


MICROFILM 


PRODUCTS 


THE TERMS “THERMO-FAK" AND “FILMSORT™ ARE REGISTERED TRADEMARKS OF 
| Mitanesora Aftnine ano [ffanuracrunine company 
+++ WHERE RESEARCH IS THE KEY TO TOMORROW 


| Dept. FBN-4171, St. Paul 6, Minn. 


a 
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Barber-Colman 
battery-operated 
d-c motors with 
integral governors 


ideal for many of 
today’s portable 
applications 


Type BYQM, top, is inexpensive, yet 
of excellent quality to meet consumer 
demand for dependability in mass- 
produced goods. Type HYQM is an 
exceptionally fine-quality battery-op- 
erated motor for the more demanding 
applications such as portable dictating 
equipment. 


BYQM-Typical Specifications 
approx. 3 to 30 
1200 to 6000 rpm 
0 to .20 oz-in. 

. .1,29” 


Voltage range 
Governed speed 
Torque 
Diameter 


HYQM- n-ne Specifications 


4.5 to 30 volts 


| try, 
| unique features and unexcelled workmanship. 


Voltage range 
Governed speed 1500 to 5000 rpm 
Torque 0 to .20 oz-in. 
Diameter. wi we 


TYPICAL APPLICATIONS 


PORTABLE DICTATING MACHINES 


| ing 


PHOTOGRAPHIC EQUIPMENT 
DRIVE MECHANISMS 

TAPE PLAYERS 

ROTATING BEACONS 

DEPTH FINDERS 

BLOWERS 

PORTABLE INSTRUMENTS 


ROTISSERIES 


WRITE FOR HELPFUL DATA SHEETS on 
BYQM and HYQM battery-operated motors 
specifically designed to fit individual cus- 
tomer applications. 


Bansen- COLMAN COMPANY 


C P, 1812 ROCK STREET, ROCKFORD, ILLINOIS 
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} Draftsmen — Extra Earnings. 


| Fischer Bldg., 





Director of Electronic Development 


A manufacturer of mechanical and electro-mechan- 
ical ts for the industry is seek- 
ing a top-level man to head ‘ts new Electronic 
Development Program. 

This company has both a national and international 
reputation as a manufacturer of high quality, pre- 
cision devices. Annual sales are in the 40 to 50 
million range. Their location is highly desirable 
for working and living. They are located close to 
several universities and research centers. 
Applicants should possess at least a Master's De- 
gree or preferably a Ph.D. in Electrical Engineer- 
ing and have several years experience with electronic 
mechanisms. 

Send a detailed resume in confidence stating ex- 
perience, age, education, salary and a recent photo. 





P-6492, Product Engineering 


520 N. Michigan Ave., Chicago 11, III. 








ASSISTANT MANAGER 


$15,000 - $18,000 

Our client, a multi-plant concern, desires an engi- 
neer with a strong background in design and 
development of electro-mechanical devices, switches, 
relays, accurators, etc. . . Company assumes 
interviewing, moving and agency expenses. 

Mail resume in confidence 

ESQUIRE PERSONNEL 


202 So. State St. Chicago 4, Iilinois 








NEW TOY IDEAS WANTED 


PRODUCTS WANTED: Well established 
research and development company de- 
sires to contact designers and inventors 
having new, novel and original ideas or 
inventions for toy or hobby field. Royalty 
or outright purchase. Prefer items two 
dollars retail and higher. Any accepted 
medium OK. Please send for submission 
forms. 


BO-6144, Product Engineering 


255 California St., San Francisco 11, Calif. 














1DDRESS BOX NO. REPLIES TO: Bog No. 
Classified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. 0. Bor 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANCISCO 11: 255 California Bt. 





SELLING OPPORTUNITY OFFERED 


Wanted —_ 
Draftsmen working in larger drafting rooms 
to represent the most distinctive and com- 
plete line of drafting triangles in this coun- 
and other drafting instruments having 


Deal directly with the manufacturer. Write 
for information to Dolgorukov Mfg. Co., 407 
Detroit 2, Michigan. 


SPECIAL SERVICE 
We offer the following expert services. Build- 
scale models, designing, illustrating of 
machinery and allied products. SS-6464, 


| Product Engineering. 


BUSINESS OPPORTUNITY 


New York "State, complete equipment for 
metal fabricating plant. Building lease avail- 
able with R.R. Siding. Price: $95,000. Paul 
H. Chapman, Broker, 1182 W. Peachtree, 
Atlanta, Ga. 





Your Inquiries to 
Advertisers Will 
Have Special Value... 


—for you—the advertiser—and 
the publisher, if you mention 
this publication. Advertisers value 
highly this evidence of the publi- 
cation you read. Satisfied adver- 
tisers enable the publishers to se- 
cure more advertisers and—more 
advertisers mean more informa- 
tion on more products or better 
service—more value—to YOU. 














| OE OS IR Bi 


BENDIX 


Needs Inquiring 
Minds in 


PRODUCT 
ENGINEERING 


Bendix of Kansas City, Missouri needs 
Engineers to do original work with new 
materials and close, more exacting work 
with ordinary materials—Minds that will 
inquire into the many branches of tech- 
nology and bring together that combina- 
tion of techniques capable of producing a 
unique product. As a Prime Contractor for 
the Atomic Energy Commission, our func- 
tion is to give the Weapon Designer the 
greatest possible latitude in exploiting 
new materials and techniques. We do this 
by paralleling his design work with ad 
vanced development of manufacturing 
processes during the design phase 


DEVELOPMENT 
SUPPORT ENGINEERS 
*Positions entail planning and ad- 
ministration necessary to fabricate 
development phase products within 
extremely short schedules and 
negotiated cost limits. Requires the 
ability to deal effectively with 
people, a thorough working knowl- 
edge of organization and function 
of a manufacturing facility, plus 
familiarity with product develop- 
ment problems and manufacturing 
processes. M. E. or E. E. degree and 

5 years’ experience desired. 


SYSTEMS COORDINATING 
ENGINEERS 
*Responsible for technical manage- 
ment and coordination of mechan- 
ical and electrical systems in de- 
velopment and production. Pro- 
gram includes directing the activi- 
ties of other engineering support 
groups and manufacturing organi- 
zations as well as maintenance of 
liaison with outside design agen- 
cies. Requires a basic knowledge 
of production techniques and proc- 
esses employed in sheet metal, 
light and heavy precision machin- 
ing and plastic fabrication includ- 
ing tooling and gaging. Minimum 
of 2 years’ experience in the engi- 
neering phases of a manufacturing 
organization. M. E. or E. E. degree 

is desirable. 


These are responsible positions for engi- 
neers who are qualified to do original and 
creative work, and who can demonstrate 
by a record of past professional accom- 
plishment that they possess this ability. 
Ours is one of the nation’s most vital in- 
dustries. We offer unusually generous 
company benefits in a Midwestern com- 
munity which is famous for its beauty and 
low cost of living. Al! replies will be 
strictly confidential 
For Personal Interview Send Resume to 


Mr. K. L. Beardsley 
Box 303-UQ 


KANSAS CITY DIVISION 
95th & Troost, Kansas City 41, Missouri 
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DESIGN LITERATURE continued 
milliv signal. Includes pressure drop curve, 
size and capacity table and dimensional 
drawings. Fischer & Porter Co, 852 Jack 
sonville Rd, Warminster, Penn. 

Circle 372 on Reader Service Card 


SERVOMOTORS-—Bulletin MO-3.7A, 4 
pp. Contains such data as starting voltage, 
stall torque, rotor inertia, acceleration at 
stall, and reversing time of four modcls 
available with or without gear trains. In 
cludes three sets of speed-torque curves, 
dimensional 


Co Inc, 


connection diagrams and 

drawings. National Pneumatic 

125 Amory St, Boston 19 
Circle 373 on Reader Service Card 


METAL-FINISHING NOZZLES—Bul 
letin 106, 6 pp. Recommends types of 
nozzles to use in washing, rinsing, fogging 
or wetting, coating and related operations 


Outlines materials, capacities, spray angles | 


and dimensions of flat spray and _ hollow 
and full cone spray types. Spraying Sys 
tems Co, 3201 Randolph St, Bellwood, III 

Circle 374 on Reader Service Card 


CLAD METALS—Bulletin Z-106, 2 pp 
Gives specifications of solder clad metals | 
raw material and finished parts) for semi 
Lists 
overlay materials such as tin, tin-antimony, 
which 


conductor and other applications 
etc., along with base metals on 
these are clad. Accurate Specialties Co, 
Inc, 345 Lodi, St, Hackensack, NJ 
Circle 375 on Reader Service Card 


2.1.12 


and 


ALLOY 


nominal 


Data sheet 


C omposition 


BRAZING 
Spells out 
mechanical and engineering properties of 
alloy for use where improved ductility 


and 


desired 


brazed joints are 
Processing Div, Wall 


19345 John R St, 


machinable 
Stainless 
Corp, 


mor©re 


Colmonoy 
] Ye troit 3 
Circle 376 on Reader Service Card 


RESEARCH FACILITIES—Booklet, 16 
pp. Discusses and illustrates company’s 
research in basic sciences, leading toward 
new materials, processes and products. 
\ O Smith Corp, Milwaukee 1. 

Circle 377 on Reader Service Card 





FOR MORE CATALOGS 
AND BULLETINS 

1600 of ’em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. you 
will find helpful design literature, 
classified under 10 different head 
ings, from important manufacturers 


There 


and suppliers of components, mate 


rials, power and local systems, 


manufacturing processes 
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= Sialaoflr, 


the food 
and beverage 
valve specialists 





Leading bottling machinery 
manufacturers specify Strataflo 

No. 3300 check valve for its easy-to- 
keep-clean, high nickel alloy 

specially formulated to withstand 

acids. One piece cast body, no sharp 
curves. Clean design for full capacity with 
low restriction. No pockets to trap 
contaminants. Taper-type poppet with 
Neoprene base that's non-toxic. Stainless 
steel internal parts. Write for Bulletin 903. 


STRATAFLO PRODUCTS, INC. 
4939 S. Lafayette St., Fort Wayne, Indiana 














Modern 


“> Fagilit 
ne apilities 


at 3 
2 


For Lathe-Cut Rubber Parts 


Trained technical and engineering 
personnel, a completely modern 
laboratory and 15,000 square 

feet of space containing stock 
storage, curing, grinding and 
cutting equipment. 

Western Rubber offers you 
experience — more than 55 years 
of it—in the making of washers, 
gaskets, bushings and rings of al- 
most limitless sizes and shapes...all 
custom designed and economically 
produced to your specifications. 


Write or phone for in- 

formation or a visit by our 

sales engineer in your area. 
SINCE 


STERN RUBBER CO. 


GOSHEN 


INDIANA 


MOLDED AND LATHE-CUT RUBBER 
PARTS FOR ALL INDUSTRIES 
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Die Cast 


ZINC ALLOY 
Molded 


PLASTICS 


_ se 
te 


GEAR & PINION 
GUIDE BOOK 
Gives full specs for 
\ hundreds of combina- 
\ tions of small t-pe. 
Me die cast zine alloy 
\ gears integral with 
: pinions, shafts, spac- 
<% \ ers, ete., and varia- 
\ tions to specs. 


a Ny ‘ 
Die Cast Zinc Alloy 


— Nylon, Delrin 
ther Engineerin 
Thermeplastics . GRC’'s unique high speed, automated methods 
give you high quality, uniformly accurate 
: small parts in die cast zine alloy or molded 
7 o) Delrin, Nylon and other engineering thermo- 
Y B® 2 plastics . . . af low cost. GRC experience and 

2) exclusive techniques open the way to new de- 

i) sign freedom, new production and assembly 
shortcuts. Write, wire, phone NOW for sam- 
ples and detailed bulletins. Send prints for 
prompt quotation. 


Coil Bobbins 


NO MINIMUM SIZE! Maximum sizes: 
Zinc Alloy—134" long, 2 oz. 
Plastic—11%4”" long—.03 oz. 


an ee Ps 


Gears & Pinions 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 


159 Beechwood Avenue, New Rochelle, New York . NEw Rochelle 3-8600 
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MINIATURIZED HYDRAULIC ACTUATION 


that could solve your 
design problem! 


NOW —take a NEW look at hy- 
draulic actuation . . . a complete unit 
small enough to be held in your 
hand... powerful enough to actuate 
almost any product. The Oil-Dyne 
miniaturized hydraulic unit trans- 
forms hydraulic power into linear 
motion at the mere flick of a switch. 

Here is a NEW hydraulic unit, 
complete with motor, pump and 
coupling, integral reservoir, pressure 
switch, relief valves AND fully auto- 
matic directional control valving that 
eliminates ALL the external valving 
formerly required. 

Here is compact hydraulic power that will fit the most limited 
space . . . lightweight hydraulic power that will mount easily 
anywhere, as on the gate valve illustrated. To learn all that’s 
NEW in hydraulic actuation, write for your copy of Catalog 
21-E. 


PIONEERING MINIATURIZED HYDRAULIC ACTUATION 


OIL=-DYNE INC. 


2115Z West Marquette Road ® Chicago 36, Ill. 


PUMPS @ CYLINDERS @ VALVES 
PRESSURE SWITCHES @ ACCESSORIES 
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NEW OPENINGS at 
Bausch & Lomb 


MECHANICAL ENGINEERS 


Several openings are available in the Mechanical Design Section 
where an engineer has project responsibility from specifications to a 
saleable product. The products involved are mechanical—electrical— 
optical in nature. These positions require board design, inter-plant 
engineering coordination, drafting supervision and production as- 
sistance. 


PROJECT ENGINEERS 


The Military Products Department has several challenging open- 
ings for Project Engineers. These men will have broad project re- 
sponsibility in the area of optical and electro-optical systems. Should 
be familiar with Military R.&D. Specific optical experience not re- 
quired. Educational background may be in either Electrical or Me- 
chanical Engineering or Physics. 


MATHEMATICIAN 


M.S. or Ph.D. to be responsible for basic research in the Thin 
Film area. Also openings for Mathematicians with an interest in 
Computors and Programming and in Lens Design. 


OPTICAL ENGINEERS 


Section Head with mature background in optical, mechanical, 
electro-optical or related systems for military projects, with primary 
emphasis on optical system design and hardware follow-through. 
(Career opportunities also available for qualified optical engineering 
section personnel.) 


PRODUCTION ENGINEER 


Department Head for machine and tool design with broad ex- 
perience in mechanical and electro-mechanical manufacturing. Sev- 
eral openings also available for Production Engineers in the areas of 
Time Study, Process Engineering, and Quality Control. 


LIVE IN ROCHESTER 


...in the heart of upstate New York vacation country. Roch- 
ester is noted for its fine schools and the University of Rochester 
(with its Institute of Optics), beautiful homes and gardens, outstand- 
ing cultural advantages, and high ratio of professional residents. 


Please send resume to: H. A. Fre, Professional Employment 
17 Bausch Street, Rochester 2, N. Y. 


Bausch & Lomb Incorporated 


100 
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REPRINTS 


Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy free; 
quantity prices on request. 


The following special reports are avail- | 
able as long as the supply lasts from | 


Reader Service Dept., Product Engineer- 
ing, 330 W 42nd St, New York 36. 
Please enclose remittance; we pay postage. 


Rolling-element Bearings $2 
Ball, roller and thrust bearings—their selec- 
tion, test and analysis of their failures, 
454 p. 

Design with Steel $2 
Latest design data for a wide range of 
steels and alloys for high strength and high 
temperature, 64 p. 


The New Mathematics $2 
Combined reprint of 18 articles with 
coverage in depth of the latest math tools 
of systems engineering, 64 p. 


Reinforced Plastic Parts $2 
Combined reprints of 11 articles giving 
design data on the seven processes for 
commercial parts, 64 p. 

Engineering Models $2 
Working prototypes as well as 3-D 
“sketches”; here’s how to design and make 
them, 64 p. 


Shortcuts for Longhand Computation $2 | 
How to get the most from your sliderule. | 


How to design nomographs. What's avail- 
able in tabled data, 64 p. 


Patent Problems $1.50 
Review of Patent Office procedure and 
discussion of American and foreign laws 
and how they affect inventors, 48 p. 


Human Engineering $1.50 
Series of 14 articles with design data on 
man-machine problems and human dimen- 
sions, plus bibliography, 44 p. 

Creativity $1 


Combined reprint of 10 articles on the 
facts behind the fad, 32 p. 


Reading, Writing, Reporting $l 
Combined reprint of: 5 steps to faster 
reading: 8 steps to better writing: 7 steps 
to better reporting. 24 p. 


Why Don’t they R & D? $1 


Here are 200 ideas for new inventions not | 


now on the market, 64 p. 


9 Lectures on Mechanisms $1 | 


How linkages and springs may be designed 
to balance loads, transmit forces, feed 
parts, 24 p. 


Manual of Reliability 50¢ 
How to design for reliability, human fac- 
tors, statistical tools; implementing the 
programs, 32 p 
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UNIVERSAL JOINTS 


RETAINING RINGS 


FOLLOW THE LEADERS! Simplify product designs, reduce weight, 
space and production operations by installing NATIONAL Retaining 
rings. Use smaller shafts and housings, save machining and material 
wasted when larger shafts are cut down to make shoulders. Per- 
formance-proven on assemblies ranging from heavy machinery to 
electronic equipment. Request catalog and recommendations on your 


specific applications. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 
NEWARK 5, NEW JERSEY ¢ MILWAUKEE 2, WISCONSIN 


>? 





This sword is the symbol of the 
American Cancer Society. It is 
called the “Sword of Hope.” 

Grab hold! Every dollar you give 
brings new hope to cancer research, 
Fight cancer with a checkup and a 
check to CANCER, c/o your post office, 


AMERICAN CANCER SOCIETY 
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a new booklet 


New, handy bulletin “Comparative Properties of Industrial 
Felt” shows you immediately which felt to use. It’s FREE for 
the asking! 


CONTINENTAL FELT COMPANY, since 1905, has been supply 
ing America’s leading companies with more than 300 grades 
of felt, in wool or synthetics 


STOCKED FOR PROMPT DELIVERY 


CUT TO YOUR REQUIREMENTS 
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Lied 


JEWEL BEARINGS 


TO DO THE 


OMENS Ute 
ACCURACY 


Aircraft and electrical instruments, measuring 
and timing devices, testing and recording 
equipment — they all require the services of 
sub-miniature bearings that insurea fine degree 
of accuracy. Bird Precision Jewel Bearings ful- 
fill this need because they are designed to 
provide peak accuracy in minimum space. 
Available in a wide range of standard glass and 
sapphire types and sizes, including complete 
jewel assemblies and cushion jewel assemblies, 
Bird Jewel Bearings can save you money on 
your next design. Our engineering staff is at 
your service to aid you with your special re- 
quirements. 

Write for your free copy of our catalog, which 
completely describes the types, features and 
applications of jewel bearings. 


1 SPRUCE ST., WALTHAM, MASS. 











INDEX TO 
ADVERTISERS 


This index is published as a convenience to the readers. Every care is taken to make it accurate but 


PRODUCTS ENGINEERING assumes no responsibilities for errors or omissions 


Airborne Accessories Corp 

AiResearch Mfg. Co., Div., Garrett 
Corp. 

Allied Research Products, Inc 

Alnor Instrument Co., Div., Illinois 
Testing Laboratories, Inc 

American Chain & Cable Co., Inc., 
Automotive & Aircraft Div 

American Cyanamid Co., Plastics & 
Resins Div. 

Armstrong Cork Co., Industrial Div.. 


Barber-Colman Co. 
Berry Hydraulics Div., 


Inc., ee ae 
Charles. 
Booker- Cooper, Inc. . 
Bower Roller Bearing ‘Div., Federal- 
Mogul-Bower Bearings, Inc. ; 


Chace Co., M 
Cone-Drive } Div., 
Tool Co. 
Continental-Diamond Fibre Co., 
Subs. of the Budd C 
Continental Felt Co., 
Curtis Universal Joint Co., 


Dayton Industrial Products Co., Div., 
Dayco Corp. 
Dimco-Gray Co. 


Elastic Stop Nut Corp. of America... 
Emerson Electric of St. Louis. .4th Cover 
Ex-Cell-O Corp., Rotac Div 90 


Fluid Regulators Corp. 
Franklin Electric Co 


Gardner-Denver Co. 

Garlock, Inc. 

Geauga Industries Co., 
Corp. 

General Electric Co., 
Materials Dept. 

Gleason Works 

— Chemical Co., B. F., Div., 


Subs., Carlisle 


Chemical 


ear Tire & Rubber Co., 

ustrial Products Div 
Gries Reproducer Corp 
Gre FES GO. cw cccces 


Handy & Harman 
Instrument Specialities Co., Inc 


Kaupp & Sons, C. B. 
Kellogg- American Div., 


Link-Belt Co. . 
Lord Mfg. Co. 


McLouth Steel Corp 

M B Electronics Div., 
Electronics, Inc. ‘ , 

Marsh Instrument Co., Div. of 
Colorado Oil & Gas Corp 

— Tool Co., Cone- Drive Gears 

iv 

Midwest Steel Corp., Div., 
Steel Corp 

Miller Fluid ‘Power Div., 
Corp. 

Minnesota alee & “Mfg. Co., 
Microfilm Div 


National Lock Washer Co 

National Seal Div., Federal-Mogul- 
Bower Bearings, Inc 3rd Cover 

Newark Wire Cloth Co 29 


Oil-Dyne, Inc. 


Philadelphia Gear Corp 

Phillips Chemical Co., “Ssta., Phillips 
Petroleum Co. 

Post Co., Frederick 


Raybestos-Manhattan, Inc. 
Adhesives Dept. 
Manhattan Rubber Div. 
Packing Div. . 
Republic Rubber Div.. 
Tire Corp 
Republic Steel om 
—" Burdsall & Ward Bolt & Nut 
oO. 


Set Screw & Mfg. 
Stoner Rubber Co., 
Strataflo Products, Inc. 


Titchener & Co., E. H 
Tomkins-Johnson Co. 
Torrington Co., 


Scaife Co. 


Textron a 
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Uniform Tubes, Inc 

United Electric Controls Co 

U. S. Graphite Co., Div. of the 
Wickes Corp. 


Waldes Kohinoor, 

Weckesser Co. 

Weirton Steel Co., Div., 
Steel Corp. 

Western Rubber Co... 

Worthington Corp. 





LLOYD R. LAWRENCE advertising sales man- 
ager 

P. F. PRITCHARD manager, market develop- 
ment 


RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9 .. . Ray K. Burnet, 
tree St, N.E., 875-0523 

BOSTON 16 . . M. A. Williamson, Jr., 
McGraw-Hill Bldg, Copley Square, Congress 
2-1160 

CHICAGO 11 Mid-Western Adv Sales 
Manager, A. E. Meanor; L. Anderson, T. R. 
Coash, 520 N Michigan Ave, Mohawk 4-5800 


CINCINNATI 2... P. B. Robinson, 
Tower, Garfield 1-5474 


CLEVELAND 13... A. F. Tischer, 1164 
IMuminating Bldg, 55 Public Sq, Superior 
1-7000 


DALLAS 1 Frank LeBeau, 901 Vaughn 
Bldg, 1712 Commerce St, Riverside 7-5117 


DENVER 2... John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 


DETROIT 26... P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 


HOUSTON 25 .. . Joseph C. Page, Jr., 
Prudential Bldg, Jackson 6-1281 


LOS ANGELES 17 . . . Robert Obenour, 
West 6th St, Huntley 2-5450 


NEW YORK 36... B. K. Adams, F. J. Mc- 
Kinley, 500 Fifth Ave, Oxford 5-5959 


PHILADELPHIA 3... John B. Lewis, 
Nicholson, 6 Penn Center Plaza, 
8-4330 

PITTSBURGH 22... C. F. Leveroni, 4 Gate- 
way Center, Express 1-1314 


PORTLAND 4, ORE. . . . Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 


ST LOUIS 8 . T. R. Coash, 3615 Olive 
St, Continental Bldg, Jefferson 5-4867 


SAN FRANCISCO 11... J. J. Hernan, 255 
California St, Douglas 2-4600 


SURSCRIT TIONS. Send subscription correspondence 
and change of address to Fulfillment Manager, 
PRODUCT ENGINEERING, 330 nd 8 New 
York 36, NY. Subscribers should notify Fulfillment 
Manager promptly of any change of address inc! 

ing postal zone number, if any. If possible, enclose 
an address label from a recent issue of the maga- 
zine. Since copies are addressed one to two issues 
in advance, please allow one month for change of 
address to become effective Subscriptions 
solicited only from executives, engineers and con- 
sultants engaged in the design of machinery and 
other engineered products. Position and company 
connection must be indicated on subscription orders. 


OFFICERS OF THE PUBLICATIONS DIV —— Nelson L. 
Bond, President; Shelton Fisher, Walla F. Traendly, 
Senior Vice Presidents; John R. Callanam, Vice President 
and Editorial Director; Joseph H. Allen, Vice President 
and Director of Advertising Sales; A. R. Venezian, Vice 
President and Circulation Coordinator. OFFICERS OF THE 
CORPORATION; Donald C. McGraw, President; Joseph A. 
Gerardi, Hugh J. Kelly, Harry L. Waddell, Executive 
Vice Presidents; L. Keith Goodrich, Vice President and 
Treasurer, John J. Cooke, Secretary. 


1375 Peach- 


Carew 


W-724 


1125 


H. M. 
Locust 





CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr. 
Employment Opportunities 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS 
FOR PERSONAL COPIES 
OF ADDITIONAL 


. Data on Materials and Components 
Free Article Reprints 

New Catalogs and Bulletins 

. Brochures on Advertised Products 

. Personal Suscriptions to 


PRODUCT DESIGN DATA 


Valuable new data on product 
design engineering — readily 
available to you — FREE. 


Just circle the numbers on the 
request cards that are identical 
with the numbers printed under 
each Advertisement, New Product 
and Bulletin throughout this issue. 


prefaced 
One free 


numbers are 
oop? 


Reprint 
with the letter 
reprint is available for each article 


offered. 


USE THIS CARD 


er a 


to be sure to get your personal 
subscription to PRODUCT ENGI- 
NEERING sent each week to your 


home or office. 


Now only $3 per year (U.S.A.) 


PRODUCT ENGINEERING 
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PRODUCT 
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What synthetic sealing 
materials should I 
use—and when 


Environmental conditions generally dictate the type of synthetic 
rubber for a specific oil sealing application. 


Where temperature, shaft speed, runout, eccentricity, and lubricant 

type are “normal”, standard Buna N synthetic rubber compounds 

are satisfactory. If, however, the application is “dry running”, a 

compound must be selected that will operate satisfactorily with a very 

small amount of lubricant. If the application involves excessive 

abrasion, highly “loaded” compound stocks should be provided. At 

temperatures over 250° F polyacrylics or silicone compounds are indicated; if high temperature is accom- 
panied by a solvent base or additive lubricant, polyacrylics are definitely preferred. 

Thus many variables govern successful oil sealing. The chart below gives more data; for complete information 
from the world’s foremost oil seal laboratories, call your National Seal engineer. He’s in the Yellow Pages, 
under Oil Seals or O-Rings. 


SYNTHETIC RUBBER COMPOUNDS 


RECOMMENDED APPLICATIONS 





Comp 
No 


Base 
Polymer 


Min/Max 
Operating 
Temperature 


Life 
Index 


Automatic 
Transmissions 


Pinions Axle Seals 


Engine Seals 


Misc. Applications 





B-63 


Buna N 


40°F /225 °F 


100 


Excellent for small 
gas engines 


Excellent for sma 


non-spring loaded 





Truck and automotive 
axles. General 


Satisfactory for 
medium rear 
temperature use 
applications 


Satisfactory as gen 
eral purpose materia 
where temperature 
permits 





Buna N 





Excellent against ar< 
matics and some mil 
tary aircraft oils, fuel: 





Good dry running com 
pounds for applica 
tions requiring high 
durometer stock 





Excellent for semi- 
rough axles. Has good 
wear qualities 


Good for pressure seals 
due to high durometer 


and clean trimming 





Acrylon 
BA-12 


Good for 


temperature range 


indicated 


Satisfactory in 
single lip 
construction 


Sealed bearing high 
temperature applica 
tions 


Satisfactory for auto 
motive use. High tem 
peratures 


Satisfactory for high 
temperature genera 
application Can be 
used with EP or GL-4 


oils 





0°F /300°F 


Good for 


temperature range 


indicated 


Dual lip 
limited contact 
for high 
temperatures 


Sealed bearing high 
temperature applica 
tions. 





Satisfactory for auto 
motive use. High tem 
peratures 


Satisfactory for high 
temperature general 
single or dual lips. Ok 
with EP or GL-4 oils 





Silicone* 


80°F /400°F 


Excellent 
high and low 
temperature 
life 


Silicone Compounds 
Not Recommended 











Silicone* 





80°F /300 F 











Good at 
high and low 
temperatures 


With 
EP Lubricants 
at high temperatures 





Excellent for general 
engine use. Suggested 
for premium gasoline 
and Diesel engines 


Excellent wide range 
material. Avoid use in 
EP and GL-4 oils 








Very good for general 
engine use; premium 
gasoline and Diesel 
engines 





Very good wide range 
material. Avoid use in 
EP and GL-4 oils 





*Silicones require special stabilization for satisfactory use in aromatic c 


ls at high temperatures 


O 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
GENERAL OFFICES: Redwood City, California 





PLANTS: Van Wert, Ohio; Redwood City and Downey, California 
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WHATS 
IN IT 
FOR 
YOU! 


CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum by 
the symmetrical rotor design that provides a porous 
free casting. The rotor is supported on each side to 
decrease the bearing load and give your application long, 
trouble-free operation 


EMERSON ELECTRIC MOTORS are custom engineered 


to suit your specific needs. Call us today— you'll like our 
way of doing business! 


@ EmeRSON ELECTRIC of St.Louis + Since 7890 


DE T M11 8100 FLORISS AN T . Ss T LO uw Ss 3 NV ¢ oO 1 1800 
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